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FIELD OF THE INVENTION 

The present invention provides single domain antibodies, comprising heavy chain antibodies 
having .mproved stability In vivo and their use in diagnosis and therapy. 

BACKGROUND OF THE INVENTION 

Polypeptide therapeutics and in particular antibody-based therapeutics have significant 
potentials drugs because they have exquisite specificity to their target and a low inherent 
toxrcr*. However, in order to be effective as therapeutic agent, their pharmacokinetic profile 
should be optimized. The majority of current antibody applications are for acute disoTl 
There are however significant opportunities to deveiop antibody therapeutics for chronic 
condone. Th.s w... require iarge doses of protein over a .ong period of time. Since the cost" 
antibody production in mammaiian cells is high, the development of traditiona. antibody 
therapeutics for these applications has been discouraged. An a.terna«ve approach has been 
to express fragments of antibodies such as Fab's or single-chain FVs in microbial expression 

20 ZTn If " " ^ baCteria - ^ *~ *~ -V -* nation 

Some of the Initial approaches r to increase the circulation in the bloodstream of proteins and ~ 
peptides were based on chemical modification, such as pegylation (US 4.179,337). Examples 
of such products are PEG-lntron. i.e. pegylated interferon a.pha-2b for the treatment of HCV 
and treatment of chronic disorder with PEG-modified antibodies (A.P Chapman. AdvDrua 
DeHvery Reviews (2002). 54. 531-545). Such chemical methods, however, suffer from a 
number of disadvantages, such as inactivation of the target protein or peptide due to the 
chemical modification of certain amino acid side chains, instability of the target 
protein/peptide during the chemical reaction. 



25 



30 



To overcome these limitations, alternative approaches have been developed, first of all by 
using non-conventional or modified proteins, secondly by using alternative methods to 
.ncrease halfllfe in vivo. Stabilisation of the protein drug can therefore be carried out by 
choosing an inherently stable protein scaffold and providing methods to bind such scaffold 
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to plasma proteins which occur in high concentrations, such as immunoglobulins or albumin. 
Binding to plasma protein can be an effective means to improving the pharmacokinetic 
properties of molecules in general. More precisely, binding to albumin to Improve the t1/2 of 
proteins has been described: M.S. Dennis et ah (J. Biol. Chem. 33, 2383-90. 2002) isolated 
5 peptides that specifically bind serum albumin. When bound to a Fab molecule, half-lives 
comparable to pegylated Fab's were obtained. Peptide ligands having affinity for IgG or 
serum albumin have been disclosed (WO 01/45746), as well as a process to extending the 
halve-life in vivo of proteins or peptides by covalent coupling to polypeptides capable of 
binding to a serum protein (WO 91/01743). The drawback of such approach is that the 

10 peptides have to fold properly and be accessible to binding to serum albumin when fused to 
the therapeutic protein. Therefore, these peptides are inherently unstable and have affinities 
in the submicromolar range rather than subnanomolar or low nanomolar range, as is the cas£ 
with conventional antibodies. As part of a larger protein, such as an conventional antibody 
molecule, binding of these peptides to albumin may be sterically hindered. 

15 An alternative hybrid molecule with two functional units is based on an heterospecific 
antibody. Such a hybrid would consist of a Afunctional or heterospecific antibody construct 
with one entity having specificity and affinity for the target, the second entity having specificity 
and affinity for a serum protein, such as albumin. However, such heterospecific constructs 
based on conventional antibodies or Fab fragments have several important drawbacks: these 

20 are complex, lange molecules composed of two polypeptide chains (VH and VL) and therefore 
, difficult and expensive to produce in high amounts in mammalian, expression systems. 
Furthermore, producing Afunctional antibodies composed of 4 chains (2 VH's and 2 VL r s) 
have the inherent risk of resulting in molecules with the unproductive VH-VL combinations 
and consequently loss of activity. Several alternatives have been tried with mixed results 

25 based on peptide derivatives of conventional antibodies, such as diabodies and bifunctional 
scFv's (WO0220615; WO9413804; W09119739; WO9409131) ). 

A complex of interferon with a monoclonal antibody to increase the serum half-life of 
Interferon has been described in US 5,055,289. Such approach has the inherent risk of 
30 Impairing the biological activity of the interferon since the size of the construct raises the 
problem of steric hindrance. 
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THE AIMS OF THE PRESENT INVENTION 

It is an aim of the present invention to provide therapeutic heterospecific antibody polypeptide 
constructs which overcome the problems of therapeutic antibodies of the art namely, tow half- 
Mb ,n wo poor folding, lew expression, and poor stabiiity. .t is a further aim of the present 
invent™ to provide methods for providing said heterospecific antibodies . 

SUMMARY OF THE INVENTION 

One embodiment of the present invention is a polypeptide construct comprising- 

- one or more single domain antibodies each directed against one or more therapeutic and/or 
diagnostic targets, and 

- one cr more singte domain antibodies each directed against one or more serum proteins. 

Another embodiment of the present Invention is a polypeptide construct as defined above 
directed against a singte target wherein said anti-target single domain antibodies do not share 
the same sequence. 



Another embodiment of .he present tnventfon fc a potypepttde const™* as denned above 

20 alC 7 . a - S,n9 ' e SWU ' n Prote ' n Whereln M,d 8 * SWUm <"<*<*< 
20 antibodies do not share the same sequence. 

Another embodiment of the present invention is a polypeptide construct as defined above 
wherein said single domain antibodies are Camelidae VHHs antibodies. 

Another embodiment of the present invention is a polypeptide construct as defined above 
wherem said one or more serum protein are any of serum albumin, serum immunoglobulins 
thyroxine-binding protein, transferring, or fibrinogen or a fragment thereof. 

Another embodiment of the present invention is a polypeptide as defined above wherein said 
one or more single domain anti-serum protein antibodies correspond to one or more 
sequences represented by any of SEQ ID NOs: 1 to 3. 
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Another embodiment of the present invention is a polypeptide construct as defined above 
directed against a single target, wherein said target is Tumour Necrosis Factor-alpha. 

Another embodiment of the present invention is a polypeptide construct as defined above 
wherein said one or more single domain anti-target antibodies correspond to one or more 
sequences represented by any of SEQ ID NOs: 1 7 to 29. 

Another embodiment of the present invention is a polypeptide construct as defined above 
corresponding to the sequence represented by any of SEQ ID NO: 4 to 6. 

Another embodiment of the present invention is a polypeptide construct as defined above 
wherein said polypeptide construct Is a homologous sequence of said polypeptide construct' 
a functions portion thereof, of an homologous sequence of a functional portion thereof. ' 

Another embodiment of the present invention is a nucleic acid encoding a polypeptide 
construct as defined above. F»'ypepuae 



Another embodiment of the present invention is a polypeptide construct as defined above or 
a nuc,eic acid as defined above for use in the treatment, prevention and/or alleviation' of 
20 disorders relating to inflammatory processes. 

Another embodiment of the present invention is a use of a polypeptide construct as defined 
above, or a nucleic acid as defined above for the preparation of a medicament for the 
treatment, prevention and/or alleviation of disorders relating to inflammatory processes. 

Another embodiment of the present invention is a polypeptide construct or nucleic acid as 
defined above or a use of a polypeptide construct as defined above wherein said disorders 
are any of rheumatoid arthritis. Crohn's disease, ulcerative colitis and multiple sclerosis. 

Another embodiment of the present invention Is a polypeptide construct or nucleic acid as 
defined above or a use of a polypeptide construct as defined above wherein said polypeptide 
construct is administered intravenously, orally, sublingual!* topically, nasally, vaginally 
rectally or by inhalation. a V ' 
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Another embodiment of the present invention is a polypeptide construct as defined above 
directed against a single target wherein said target is vWF 

5 Another embodiment of the present invention is a polypeptide construct as defined above 
directed against a single target wherein said target is collagen. 

Another embodiment of the present invention is a poiypeptide construct as defined above 
wherein said one or more anti-target single domain antibodies correspond to one or more 
1 0 sequences represented by any of SEQ ID NOs: 30 to 39. 

Another embodiment of the present invention is a polypeptide construct as defined above 
corresponding to the sequence represented by any of SEQ ID NOs: 40 to 42. 

15 Another embodiment of the present invention is a polypeptide construct as defined above 
wherein said polypeptide construct is a homologous sequence of said polypeptide construct' 
a functional portion thereof, of an homologous sequence of a functional portion thereof. ' 

Another embodiment of the present invention is a nucleic acid encoding a polypeptide 
20 construct as defined above. 

Another embodiment of the present invention is a polypeptide construct as defined above or 
a nucleic acid as defined above for use in the treatment, prevention and/or alleviation of 
disorders or conditions relating to platelet-mediated aggregation or dysfunction thereof. 

Another embodiment of the present invention is a use of a polypeptide construct as defined 
above, or a nucleic acid as defined above for the preparation of a medicament for the 
treatment, prevention and/or alleviation of disorders or conditions relating to platelet-mediated 
aggregation or dysfunction thereof. 

Another embodiment of the present invention is a polypeptide construct or nucleic acid as 
defined above or a use of a poiypeptide construct or nucleic acid as defined above wherein 
said disorders are any of cerebral ischemic attack, unstable angina pectoris, cerebral 
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■nferction. myocardial infarction, peripheral arterial occlusive disease, restenosis, and sard 
conditions are those arising from coronary bypass graft, or coronary artery vaive 
replacement and coronary interventions such angioplasty, stenting, or atherectomy. 

5 Another embodiment of the present invention is a polypeptide construct or nucleic acid as 
defined above or a use of a polypeptide construct as defined above wherein said polypeptide 
cons ruct Is administered intravenously, onally, sublingual,* topically, nasaHy, vaginaiiy 
rectally or by inhalation. y ' 

10 Another embodiment of the present invention is a polypeptide construct as defined above 
directed against a single target wherein said target is IgE. 

whe^n e t 0diment ° f PreS6nt jnVentf0n iS 3 ***** ~ - ^fined above 
wherem sard one or more anti-target single domain antibodies correspond to one or more 
1 5 sequences represented by any of SEQ ID NOs: 7 to 16. 

Another embodiment of the present invention is a polypeptide construct as defined above 
corresponding to the sequence represented by any of SEQ ID NOs: 43 to 45. 

20 Another embodiment of the present invention is a polypeptide construct as defined above 
where n said polypeptide construct is a homologous sequence of said polypeptide construct' 
a functions, portion thereof, of an homologous sequence of a functional portion thereof. ' 

Another embodiment of the present invention is a nucleic acid encoding a polypeptide 
25 construct as defined above. p««ypepnoe 

Another embodiment of the present invention is a polypeptide construct as defined above or 
a nucleic acid as defined above for use in the treatment, prevention and/or alleviation of 
disorders or conditions relating to allergic reactions. 



30 



Another embodiment of the present invention is a use of a polypeptide construct as defined 
above, or a nucleic acid as defined above for the preparation of a medicament for the 
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treatment, prevention and/or alleviation of disorders or conditions relating to allergic 
reactions. 
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Another embodiment of the present invention is a polypeptide construct or nucleic acid as 
defined above or a use of a polypeptide construct or nucleic acid as defined above wherein 
said disorders are any of hay fever, asthma, atopic dermatitis, allergic skin reactions, allergic 
eye reactions and food allergies. 

Another embodiment of the present invention is a polypeptide construct or nucleic acid as 
defined above or a use of a polypeptide construct as defined above wherein said polypeptide 
construct is administered intravenously, orally, sublingual!* topically, nasally, vaginally 
rectally or by inhalation. 

Another embodiment of the present invention is a polypeptide construct as defined above 
1 5 directed against a single target wherein said target is IFN-gamma . 

Another embodiment of the present invention is a polypeptide construct as defined above 
wherein said anti-target single domain antibodies are anti-IFN-gamma VHHs. 

20 Another embodiment of the present invention is a polypeptide construct as defined above 
wherein said anti-target single domain antibodies and said anti-serum protein antibodies are 
both VHHs . 



Another embodiment of the present invention is a polypeptide construct as defined above, 
25 wherein said polypeptide construct is a homologous sequence of said polypeptide construct,' 
a functional portion thereof, of an homologous sequence of a functional portion thereof. 

Another embodiment of the present invention is a nucleic acid encoding a polypeptide 
construct as defined above. -■«-•• 



30 



Another embodiment of the present invention is a polypeptide construct as defined above, or 
a nucleic acid as defined above for use in the treatment, prevention and/or alleviation of 
disorders or conditions wherein the immune system is over-active. 
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Another embodiment of the present invention is a use of a polypeptide construct as defined 
above, or a nucieic acid as defined above for the preparation of a medicament for the 
treatment, prevention and/or alleviation of disorders or conditions wherein the immune 
5 system is over-active. 

Another embodiment of the present invention is a polypeptide construct or nucleic acid as 
defined above or a use of a polypeptide construct or nucleic acid as defined above wherein 
said disorders are any of Crohn's disease, autoimmune disorders and organ plant rejection in 
add,t.on inflammatory disorders such as rheumatoid arthritis. Crohn's disease, ulcerative 
colitis and multiple sclerosis. 

Another embodiment of the present invention is a polypeptide construct or nucleic acid as 
defined above or a use of a polypeptide construct as defined above wherein said polypeptide 
construct is administered intravenously, orally, sublingual!* topically, nasally, vaginally 
rectally or by inhalation. 
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Another embodiment of the present invention is a composition comprising a polypeptide 
construct as defined above, or a nucleic acid encoding said polypeptide construct and a 
20 pharmaceutically acceptable vehicle. 

Another embodiment of the present invention is a composition comprising a polypeptide 
construct as defined above, or a nucleic acid encoding said polypeptide construct and a 
pharmaceutically acceptable vehicle. 



25 



Another embodiment of the present invention is a composition comprising a polypeptide 
construct as defined above, or a nucleic acid encoding said polypeptide construct and a 
pharmaceutically acceptable vehicle. 

30 Another embodiment of the present invention is a polypeptide construct as defined above 
directed against a single target wherein said target is involved in a disease process. 
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Another embodiment of the present invention is a polypeptide construct as defined above 
wherein said poiypeptide construct is a homoiogous sequence of said po.ypeptide construct' 
a functional portion thereof, of an homologous sequence of a functional portion thereof. ' 

5 Another embodiment of the present Invention is a nucieic acid encoding a polypeptide 
construct as defined above. po'ypepuae 

Another embodiment of the present invention is a polypeptide construct as defined above or 
a nuclejc acid as defined above for use in the treatment, prevention and/or alleviation' of 
10 disorders or conditions in which the target is involved. "aviation of 

Another embodiment of the present invention is a use of a polypeptide construct as defined 
above, or a nucielc acid as defined above for the preparation of a medicament for Z 
15 ZTeT PrQVentFOn and/ ° r a " eViati0n ° f diS ° rdere ° r h which, the target is 

Another embodiment of the present invention is a polypeptide construct as defined above or 
a nucleic acid as defined above for use in treating, preventing and/or aiieviating the 

20 Zr ^ 1 7 reqUlrin9 3 theraPeUfiC " dla9n ° StiC Which * not rapidly 

20 cleared from the circulation- <*vwy 

Another embodiment of the present invention is a use of a polypeptide construct as defined 
above or a nucleic acid as defined above for the preparation of a medicament for treating 
preventing and/or alleviating the symptoms of a disease requiring a therapeutic or diagnost* 
25 compound which is not rapidly cleared from the circulation. 

Another embodiment of the present invention is a polypeptide construct as defined above or 
a nucleic acid as defined above for use in treating, preventing and/or alleviating me 
symptoms of a disease requiring a therapeutic or diagnostic compound which remains active 
30 in the circulation for extended periods of time. 

Another embodiment of the present invention is a use of a polypeptide construct as defined 
above, or a nucleic acid as defined above for the preparation of a medicament for treating. 
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preventing and/or alleviating the symptoms of a disease requiring a therapeutic or diagnostic 
compound which is remains active in the circulation for extended periods of time. 

Another embodiment of the present invention is a polypeptide construct or nucleic acid as 
defined above, or use of a polypeptide construct or nucleic acid as defined above wherein 
said polypeptide construct is administered intravenously, orally, sublingual*, topically 
nasally, vaginally, rectally or by Inhalation. 

Another embodiment of the present invention is a composition comprising a polypeptide 
construct as defined above, or a nucleic acid as defined above and a pharmaceutical* 
acceptable vehicle. y 

Another embodiment of the present invention is a method cf producing a polypeptide as 
defined above comprising 

(a) culturing host cells comprising nucleic acid capable of encoding a polypeptide as 
defined above, under conditions allowing the expression of the polypeptide, and 

(b) recovering the produced polypeptide from the culture. 

Another embodiment of the present invention is a method as defined above, wherein said 
20 host cells are bacterial or yeast 

Another embodiment of the present invention is a method for prolonging the half-life of a 
single domain antibody in the blood steam of a subject, said antibody directed against a 
therapeutic and/or diagnostic target by joining thereto one or more singie domain antibodies 
25 each directed against a serum protein. 

Another embodiment of the present invention Is a method as defined above wherein said antf- 
target single domain antibodies do not share the same sequence. 
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Another embodiment of the present invention is a method as defined above wherein said and- 
serum protein single domain antibodies do not share the same sequence. 



: 
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Another embodiment of the present invention is a method as defined above wherein said 
single domain antibodies are Camelidae VHHs antibodies. 

Another embodiment of the present invention is a method as defined above wherein said 

ZZT" T V " SSmn ; a ' bUm ' n ' S6mm immUn ° 9,0bU,inS ' thyroxine-blndlng protein, 
transferring, or fibnnogen or a fragment thereof. 

Another embodiment of the present invention is a method as defined above wherein said 
serum protein comprises a sequence corresponding to any of SEQ ID NOs- 1 to 3 a 
homologous sequence, a functional portion thereof, or a homologous sequence of' a 
functional portion thereof. 



Another embodiment of the present invention is a composition comprising a polypeptide as 
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DETAILED DESCRIPTION OF THE INVENTION 

The present invention relates to a polypeptide construct comprising one or more single 
domauT antibodies each directed against a serum protein(s) of a subject, and one or more 
single domain antibodies each directed against a target moiecule(s) and the finding that the 
construct has a significantly prolonged half-life in the circulation of said subject compared with 
the half-Hfe of the anti-target single domain antibody when not part of a construct. Single 
domain antibodies may be any of the art. or any future single domain antibodies. Examples 
include, but are not limited to. heavy chain antibodies, antibodies naturally devoid of light 
chains, single domain antibodies derived from convention^ 4-chain antibodies, engineered 
antibodies and single domain scaffolds other than those derived form antibodies. According 
to one aspect of the invention, a single domain antibodies as used herein is a VhH molecule - 
smgle domain heavy chain antibodies derived from antibodies raised in Camelidae species 
for example in camel, dromedary, alpaca and guanaco. 
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The one or more single domain antibodies of the polypeptide construct which are directed 
against a target may be of the same sequence. Alternatively they may not all have the same 
sequence. It is within the scope of the invention that a polypeptide construct comprises anti- 
_ target single domain antibodies which do not all share the same sequence, but which are 
5 d,rected against the same target, or fragment thereof, one or more antigens thereof. 

The one or more single domain antibodies of the polypeptide construct which are directed 
agamst a serum protein may be of the same sequence. Alternatively they may not ail have 
the same sequence. It is within the scope of the invention that a polypeptide construct 
compnses anti-serum protein single domain antibodies which do not all share the same 

in another embodiment, one or more anti-target single domain antibodies of the polypeptide 
construct may be directed to more than one target (e.g. vWF and collagen). Similarly the 
anti-serum protein single domain antibodies of the po.ypept.de construct may be directed 
against more than one serum protein (e.g. serum albumin and fibrinogen). 

VHHs. according to the present invention, and as known to the skilled addressee are heavy 
cha,n variable domains derived from immunoglobulins naturally devoid of light chains such Z 
those denved from Gametic as described in WO9404678 (and referred to hereinafter as 
VHH domains). VHH molecules are about 10x smaHer than IgG molecules. They are single 
polypeptides and very stable, resisting extreme pH and temperature conditions. Moreover 
they are resistant to the action of proteases which is not the case for conventional antibodies' 
Furthennore ,n vitro expression of VHHs produces high yie.d, properly folded functional 
VHHs. In add.t.on, antibodies generated in Camelids will recognize epitopes otherthan those 
recognised by antibodies generated in vitro through the use of antibody libraries or via 
.mmunisation of mammals other than Camelids (WO 9749805). As such, anti-albumin VHH's 
may interact in a more efficient way with serum albumin which is known to be a carrier 
protein. As a carrier protein some of the epitopes of serum albumin may be inaccessible by 
bound proteins, peptides and small chemical compounds. Since VHH's are known to bind into 
unusual' or non-conventional epitopes such as cavities (WO9749805). the affinity of such 
VHH s to circulating albumin may be increased. 
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The present invention also relates to the finding that a polypeptide construct comprising one 
or more VHHs directed against one or more serum proteins of a subject, and one or more 
VHHs directed against one or more target molecule of said subject surprisingly has 
significantly prolonged half-life in the circulation of said subject compared with the half-life of 
the anti-target VHH when not part of said construct. Furthermore, the said construct was 
found to exhibit the same favourable properties of VHHs such as high stability, extreme pH 
resistance, high temperature stability and high target affinity. 

A target according to the invention is any biological substance capable of binding to a 
polypeptide construct of the invention. Targets may be. for example, proteins, peptides 
nucleic acids, oligonucleic acids, saccharides, polysaccharides, glycoproteins. Examples 
include, but are not limited to therapeutic targets, diagnostic targets, receptors, receptor 
Lgands. viral coat proteins, immune system proteins, hormones, enzymes, antigens cell 
s.gnaling proteins, or a fragment thereof. Targets may be native protein or a fragment thereof 
a homologous sequence thereof, a functional portion thereof, or a functional portion of an 
homologous sequence. 

The present invention also relates to a polypeptide construct comprising one or more VHHs 
20 each directed against one or more serum proteins of a subject, and one or more VHH each 
- directed against one or more .target molecules wherein the VHHs belong to the traditional 
class of Camelidae single domain heavy chain antibodies. The present invention also relates 
to a polypeptide construct comprising one or more VHH each directed against one or more 
serums protein of a subject, and one or more VHH each directed against one or more target 
25 molecules wherein the VHHs belong to a class of Camelidae single domain heavy chain 
anybodies that have human-like sequences. A VHH sequence represented by SEQ ID NO 
19 which binds to TNF-alpha. belongs to this class of VHH peptides. As such, peptides 
belonging to this class show a high amino acid sequence homology to human VH framework 
regions and said peptides might be administered to patients directly without expectation of an 
30 unwanted immune response therefrom, and without the burden of further humanization. 

A subject as used herein is any mammal having a circulatory system in which the fluid therein 
comprises serum proteins. Examples of circulatory system include blood and lymphatic 
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systems. Examples of animals include, but are not limited to, rabbits, humans, goats, mice, 
rats, cows, calves, camels, llamas, monkeys, donkeys, guinea pigs, chickens, sheep, dogs, 
cats, horses eta 

5 One embodiment of the present invention is a heterospecific polypeptide construct 
comprising one or more VHHs each directed against one or more therapeutic and/or 
diagnostic targets and one or more VHH each directed against one or more serum proteins or 
polypeptides. As already mentioned, the anti-target VHHs may have the same sequence. 
Alternatively, the anti-target VHHs may not all have the same sequence, but are directed 
10 against the same epitope or different epitopes on the same target, fragments thereof, or 
antigen thereof. Similarly, the anti-serum protein VHHs may have the same sequence. 
Alternatively, anti-serum protein VHHs may not all have the same sequence, but are directed 
against the same epitope or different epitopes on the same serum protein, fragments thereof, 
or antigen thereof. 

15 

In another embodiment of the present invention, the anti-target VHHs may be directed more 
than one target (e.g. vWF and collagen). Similarly, the anti-serum protein VHHs may be 
directed against more than one serum protein (e.g. serum albumin and fibrinogen). 

20 The constructs disclosed herein retain the advantageous properties of VHHs and have a 
prolonged lifetime in the circulation of an individual. Thus, such .constructs are-- able to 
circulate in the subject's serum for several days, reducing the frequency of treatment, the 
Inconvenience to the subject and resulting in a decreased cost of treatment. 

25 According to an aspect of the invention a single domain antibody used to form a 
heterospecific polypeptide construct may be a complete single domain antibody (e.g. a VHH) 
or a homologous sequence thereof. According to another aspect of the invention, a single 
domain antibody used to form the heterospecific polypeptide construct may be a functional 
portion of a complete single domain antibody. According to another "aspect of the invention, a 

30 single domain antibody used to form the heterospecific polypeptide construct may be a 
homologous sequence of a complete single domain antibody. According to another aspect of 
the invention, a single domain antibody used to form the heterospecific polypeptide construct 
may be a functional portion of a homologous sequence of a complete single domain antibody. 
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As used herein, an homologous sequence of the present invention may comprise additions 
deletions or substitutions of one or more amino adds, which do not substantially alter the 
functional characteristics of the polypeptides of the invention. The number of amino acid 

5 clelefonsorsubstitutionsis P referabl y u P to1,2,3 I 4,5,6.7.8,9,10,11.12.13 14 15 16 
17, 18, 19. 20. 21, 22, 23, 24, 25, 26. 27. 28, 29, 30. 31. 32. 33. 34, 35. 36. 37. 38. 39 4o' 41 ' 
42, 43. 44. 45, 46, 47, 48, 49, 50, 51 , 52, 53, 54. 55. 56. 57. 58. 59, 60, 61 , 62, 63. 64 65 6 6 ' 
67, 68, 69 or 70 amino acids. 

10 A homologous sequence of the present invention may include a polypeptide of the invention 
which has been humanised. 

By humanised is meant mutated so that immunogenicity upon administration in human 
patients is minor or nonexistent. Humanising a polypeptide, according to the present 
invention, comprises a step of replacing one or more of the Camelidae amino adds by their 
human counterpart as found in the human consensus sequence, without that polypeptide 
!os.ng its typical character, i.e. the humanisation does not significantly affect the antigen 
b.nding capacity of the resulting polypeptide. Such methods are known by the skilled 
addressee. A humanisation technique may also be performed by a method comprising at 
least the replacement of the hallmark amino acid at position 45. possibly combined with a 
replacement of one or more of the other hallmark amino acids at position 37, 44 and .47- 
numbering according to the Kabat numbering. 

Some VHH sequences display a high sequence homology to human VH framework regions 
and therefore said VHH might be administered to patients directly without expectation of an 
.mmune response therefrom, and without the additional burden of humanisation. Therefore 
one aspect of the present invention allows for the formation of a heterospecific polypeptide' 
construct without humanisation of the VHH. when said VHH exhibit high homology to human 
VH framework regions. 

A homologous sequence of the present invention may include a sequence of the invention 
which in another Camelidae species such as, for example, camel, dromedary, alpaca 
guanaco etc. 
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Where homologous sequence indicates sequence identity, it means a sequence which 
presents a high sequence identity (more than 70%, 75%, 80%, 85%, 90% 95% or 98°/ 
sequence identity) with a polypeptide of the invention, and Is preferabiy characterised by 
s.m,lar properties of the parent sequence, namely affinity, said identity calculated usinq 
known methods. * 

A homologous sequence according to the present invention may refer to nucleotide 
sequences of more than 50, 100. 200, 300. 400, 500. 600, 800 or 1000 nucleotides able to 
hybrid.se to the reverse-complement of the nucleotide sequence capable of encoding a native 
sequence under stringent hybridisation conditions (such as the ones described bv 
SAM BROOK eta,.. Molecular Cloning, Laboratory Manuel. Cold Spring. Harbor Laboratory 
press. New York). y 

1 5 As used herein, a functional portion refers to a polypeptide of sufficient size to sufficient size 
such that the interaction of interest is maintained with affinity of 1 x 10* M or better. 

Alternatively a functional portion of a polypeptide of the invention comprises a partial deletion 
of the complete amino add sequence and still maintains the binding site(s) and protein 
domain(s) necessary for the binding of and interaction with the target or serum protein. 

As used herein, a functional portion of a polypeptide of the invention refers to less than 100% 
of the sequence (e.g., 99%, 90%, 80%. 70%. 60% 50% etc.), but comprising 5 or more amino 
acids or 15 or more nucleotides. 

A portion of a polypeptide of the invention refers to less than 100% of the sequence (e g 
99%, 90%, 80%, 70%, 60% 50% etc.). but comprising 5 or more amino acids or 15 or more 
nucleotides. 

A fragment as it refers to a target of the invention refers to less than 100% of the sequence 
(e.g., 99%, 90%, 80%, 70%, 60% 50% etc.), but comprising 5 or more amino acids or 15 or 
more nucleotides. A fragment is a sequence of target capable of eliciting an immunogenic 
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response. It refers to less than 100% of the sequence (e.g., 99%, 90%, 80%, 70%. 60% 50% 
etc.), but comprising 5 or more amino acids or 1 5 or more nucleotides. 

The serum protein may be any suitable protein found in the serum of subject, or fragment 
5 thereof. In one aspect of the invention, the serum protein is serum aibumin, serum 
,mmunog«obulins, thyroxine-binding protein, transferrin, or fibrinogen. Depending on the 
intended use such as the required haif-iife for effective treatment and/or 
compartimentalisation of the target antigen, the VHH-partner can be directed to one of the 
above serum proteins. 

10 

The heterospecific polypeptide constructs disclosed herein may be made by the skilled 
artisan according to methods known in the art or any future method. For exampie, the VHHs 
may be obtained using methods known in the art such as by immunising a came, and 

15 tZZTTT T efr0m ' ° T d0n, ' n9 ^ USlnS m ° ,eCU,ar tech "'^ 
1 5 known in the art and subsequent selection by using phage display. 

The anti-serum protein single domain antibody may be directed against a polypeptide of a 
serum protein or a whole protein. The anti-target singie domain antibody may be directed 
against a polypeptide of said target of the whole target. Methods for scanning a protein for 
20 immunogenic polypeptides are well known in the art 

The single domain antibodies may be joined using methods known in the art or any future 
method. For example, they may be fused by chemical cross-linking by reacting aminoacid 
rescues with an organic derivatising agent such as described by Blattler ef at. Biochemistry 
24,1517-1524; EP294703. Alternatively, the single domain antibody may be fused genetically 
at the DNA level i.e. a polynucleotide construct formed which encodes the complete 
polypeptide construct comprising one or more anti-target single domain antibodies and one or 
more anti-serum protein single domain antibodies. A method for producing bivalent or 
multivalent VHH polypeptide constructs is disclosed in PCT patent application WO 96/34103 
One way of joining multiple single domain antibodies is via the genetic route by linking single 
domain antibody coding sequences either directly or via a peptide linker. For example the C- 
terminal end of the first single domain antibody may be linked to the N-termina! end of the 
next single domain antibody. This linking mode can be extended in order to link additional 
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single domain antibodies for the construction and production of tri-, tetra-, etc. functional 
constructs. 

Delivery 

One embodiment of the present invention is a heterospecific polypeptide construct as 
disclosed herein for use in treating, preventing and/or alleviating the symptoms of disorders 
requiring the delivery of a therapeutic compound that is able pass through the gastric 
environment without being inactivated. As known by persons skilled in the art once in 
possession of said heterospecific polypeptide construct, formulation technology may be 
applied to release a maximum amount of heterospecific polypeptide construct in the right 
location (in the stomach, in the colon, etc.). This method of delivery is important for treating 
prevent and/or alleviate the symptoms of disorder whose targets that are located in the gut 
system. An aspect of the invention is a method for treating, preventing and/or alleviating the 
symptoms of a disorder requiring the delivery of a therapeutic compound that is able pass 
through the gastric environment without being inactivated, by orally administering to a subject 
a heterospecific polypeptide construct specific for a target related to the disorder. 

Another embodiment of the present invention is a heterospecific polypeptide construct for use 
in treating, preventing and/or alleviating the symptoms of disorders requiring the delivery of a 
therapeutic compound to the vaginal and/or rectal tract In a non-limiting example a 
formulation according to the invention - comprises a heterospecific polypeptide construct 
directed against one or more targets in the form of a gel, cream, suppository, film, or in the 
form of a sponge or as a vaginal ring that slowly releases the active ingredient over time An 
aspect of the invention is a method for treating, preventing and/or alleviating the symptoms of 
disorders requiring the delivery of a therapeutic compound to the vaginal and/or rectal tract, 
by vaginally and/or rectally administering to a subject a heterospecific polypeptide construct 
specific for a target related to the disorder. 

•A 

Another embodiment of the present invention is a heterospecific polypeptide construct for use 
in treating, preventing and/or alleviating the symptoms of disorders requiring the delivery of a 
therapeutic compound to the upper respiratory tract and lung. In a non-limiting example, a 
formulation according to the invention, comprises a heterospecific polypeptide construct 
directed against one or more targets in the form of a nasal spray (e.g. an aerosol). Since a 
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heterospeciflc polypeptide construct are smart, they can reach their target much more 
effectively than therapeutic IgG molecules. An aspect of the Invention is a method for treating 
preventing and/or alleviating the symptoms of disorders requiring the deliver of a therapeutic 
compound to the upper respiratory tract and lung, by administering to a subject said 
heterospecrfic polypeptide construct specific for a target related to the disorder by Inhalation. 

One embodiment of the present invention is a heterospeciflc polypeptide construct for use in 
gating, preventing and/or alleviating the symptoms of disorders wherein the permeabiiity of 
the ,ntest,na. mucosa is increased. Because of their small size, a heterospeciflc polypeptide 
constat can pass through the intestinal mucosa and read, the b,oodstream more efficient* 
,n subjects suffering from disorders which cause an increase in the permeability of me 
•ntestina. mucosa, for example Crohn's disease. An aspect of the invention is a method for 

JTIL!T and/ " a ' ,eViatfng ^ SVmPt0mS ° f diS ° rderS ~ -e penmeability of 

rjvoe^r 7 ' S ' nCreaSed ' ^ ° ra,,y adminiSter '^ to a subject a heterospeafic 
polypeptide construct specific for a target related to the disoider. 

One embodiment of the present invention is a heterospeciflc polypeptide construct for use in 
treating preventing and/or aHeviating the symptoms of disorders requiring the delivery of a 
herapeutic compound that is abie pass through the tissues beneath the tongue effectively A 
formulation of said heterospecific polypeptide construct, for example, a tablet, spray drop is 
Placed under the tongue and adsorbed, through the mucus, membranes into the capirtL 
neti,ork under the tongue. An aspect of the invention is a method for treating, preventing 
and/or alleviating the symptoms of borders requinng the dertvery of a therapeuL Lpoun d 
that is able pass through the tissues beneath the tongue effectively, by sublingual^ 
adm,n,stenng to a subject a heterospecific polypeptide construct specific for a target related 
to the disorder. 



30 



One embodiment of the present invention is a heterospecific polypeptide construct for use in 
treating, preventing and/or alleviating the symptoms of disorders requiring the delivery of a 
therapeutic compound that is able pass through the skin effectively. A formulation of said 
heterospecific polypeptide construct, for example, a cream, film, spray, drop, patch, is placed 
on the skin and passes through. An aspect of the invention is a method for treating 
preventing and/or alleviating the symptoms of disorders requiring the delivery of a therapeutic 
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compound that fs able pass through the skin effectively, by topically administering to a subject 
a heterospecific polypeptide construct specific for an target related to the disorder. 
One embodiment of the present invention is a heterospecific polypeptide construct for use in 
treating, preventing and/or alleviating the symptoms of disorders requiring the delivery of a 
5 therapeutic compound intraveneously. An aspect of the invention is a method for treating, 
preventing and/or alleviating the symptoms of disorders requiring the delivery of a therapeutic 
compound via the bloodstream. 

General target 

10 Another embodiment of the present invention Is a heterospecific polypeptide construct as 
disclosed herein for use in treating, preventing and/or alleviating the symptoms of a disorder 
requiring a therapeutic or diagnostic compound which is not rapidly cleared from the 
circulation. An aspect of the invention is the use of a said construct for the preparation of a 
medicament for treating, preventing and/or alleviating the symptoms of a disorder requiring a 

15 therapeutic or diagnostic compound which is not rapidly cleared from the circulation. Another 
aspect of the invention 5s a method for treating, preventing and/or alleviating the symptoms of 
a disorder requiring a therapeutic or diagnostic compound which is not rapidly cleared from 
the circulation by administering a heterospecific polypeptide construct as disclosed herein to 
an individual. According to the present invention, the anti-target VHH of said heterospecific 

20 polypeptide is directed against a target involved in a cause or a manifestation of said 
disorder, or involved .in causing symptoms thereof. By using a heterospecific polypeptide 
construct of the present invention to treat or diagnose an aforementioned disorder, the 
depletion of said construct is retarded. 

25 Another embodiment of the present invention is a heterospecific polypeptide construct as 
disclosed herein for use in treating, preventing and/or aiieviating the symptoms of a disorder 
requiring a therapeutic or diagnostic compound which remains active in the circulation for 
extended periods of time. An aspect of the invention is the use of said construct for the 
preparation of a medicament for treating, preventing, and/or alleviating the symptoms of a 

30 disorder requiring a therapeutic or diagnostic compound which remains active in the 
circulation for extended periods of time. Another aspect of the invention Is a method for 
treating, preventing and/or alleviating the symptoms of a disorder requiring a therapeutic or 
diagnostic compound that is able to circulate in the patients serum for several days, by 
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admrmstering a heterospecific polypeptide construct as disclosed herein to an individual 
According to the present invention, the anti-target VHH of said heterospecific polypeptide is 
directed against a target involved in a cause or a manifestation of said disorder, or involved in 
causing symptoms thereof. By using a heterospecific polypeptide construct of the present 
-nvention to treat or diagnose an aforementioned disorder, the frequency of treatment is 
reduced, so resulting in a decreased cost of treatment. 

Another embodiment of the present invention is a heterospecific polypeptide construct as 
disclosed herein for use in treating, preventing and/or alleviating the symptoms of a disorder 
reiatmg to allergies. An aspect of the invention is the use of said construct for the preparation 
of a medicament for treating, preventing and/or alleviating the symptoms of a disorder relating 
to a lerg.es Another aspect of the invention is a method for treating, preventing and/or 
abating the symptoms of a disorder reiating to energies, by administering a heterospecific 
po.ypept.de construct as disclosed herein to an individuai. According to the present invention 
the anti-target VHH of said heterospecific poiypepfide is directed against a target invoived In 
a cause or a manifestation of said disorder, or invoived in causing symptoms thereof. 

The above aspects and embodiments of the invention also apply when an anti-serum single 
doma.n antibody of the aforementioned heterospecific polypeptide constructs corresponds to 
a sequence represented by SEQ ID NOs: 1 to 3. a homoiogcus sequence thereof a 
funcbonal portion thereof, or a homologous sequence of a functional portion. 

The above aspects and embodiments of the invention also apply when an anti-target single 
domain antibody of the aforementioned heterospecific polypeptide constructs corresponds to 
a sequence represented by SEQ ID NOs: 17 to 29. a homologous sequence thereof a 
functional portion thereof, or a homologous sequence of a functional portion, said target being 
TNF-alpha. 

The above aspects and embodiments of the invention also apply when an anti-target single 
domain antibody of the aforementioned heterospecific polypeptide constructs corresponds to 
a sequence represented by SEQ ID NOs: 30 to 39 a homologous sequence thereof a 
functional portion thereof, or a homologous sequence of a functional portion, said target being 
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The above aspects and embodiments of the invention also apply when an anti-target single 
domain antibody of the aforementioned heterospecific polypeptide constructs correspond to a 
sequence represented by SEQ ID NOs: 7 to 16 a homologous sequence thereof, a functional 
5 port.cn thereof, or a homologous sequence of a functional portion, said target being IgE. 

The above aspects and embodiments of the invention also apply when an anti-target single 
domain antibody of the aforementioned heterospecific polypeptide construct corresponds to a 
_ sequence of an anti-IFNOgamma VHH. a homologous sequence thereof, a functional portion 
0 thereof, or a homologous sequence of a functional portion. 

The above aspects and embodiments of the invention also apply when the aforementioned 
heterospecific polypeptide construct corresponds to a sequence represented by any of SEQ 
ID NOs: 4 to 6, a homologous sequence thereof, a functional portion thereof, or a 
> homologous sequence of a functional portion thereof. 

A non-limiting example, in relation to allergies, of a target against which an anti-target single 
domain antibody may be directed is IgE. During their lifetime, several subjects develop an 
allergic response to harmless parasites such as Dermatophagaldes ptBronyssinus, the house 
dust mrte or to substances such as clumps, plastics, metals. This results in an induction of 
IgE molecules that initiates a cascade of immunological responses. One aspect of the 
present invention is a heterospecific polypeptide construct comprising one or more anti-lgE 
smgle domain antibodies fused to one or more anti-serum protein single domain antibodies 
In one aspect of the invention, said anti-lgE single domain antibodies prevents the interaction 
of IgE wrth their receptors) on mast cells and basophils, so blocking initiation of the 
immunological cascade and a subsequent allergic reaction. In another aspect an anti-serum 
protein single domain antibody is directed to one of the subject's serum proteins A 
heterospecific polypeptide construct as disclosed herein thus reduces or prevents an allergic 
response due to common or unusual allergens. Furthermore, the construct has a prolonged 
lifetime in the blood so increasing the therapeutic window. 



032 08.07.2003 17 



23 



20 



25 



30 



TNF-alpha 

Another embodiment of the present invention is a heterospeoifio polypeptide construct as 
_ disclosed herein for use in treating, preventing and/or alleviating the symptoms of a disorder 
3 med,ated by inflammatory molecules. An aspect of the invention is the use of said construct 
for the preparation of a medicament for treating, preventing and/or alleviating the symptoms 
of a d,sorder mediated by inflammatory molecules. Another aspect of the invention is a 
method for treating, preventing and/or a.leviating the symptoms of a disorder mediated by 
.nflammatory molecules, by administering a heterospecific polypeptide construct as disclosed 
herein to an individual According to the present invention, an anti-target sing,e domain 
anybody of sa.d heterospecific polypeptide is directed against a target involved in a cause or 
a manifestation of said disorder, or involved in causing symptoms thereof. 

According to one aspect of the invention, a target against which a single domain antibody of a 
heterospecific polypeptide construct is directed is tumor necrosis factor alpha (TNF-alpha) 
W-alpha . believed to play an important roie in venous disorders,'*, *Z£ in 
inflammatory d,sorders such as rheumatoid arthritis. Crohn's disease, ulcerative colitis and 
multiple sclerosis. Anti-target singie domain antibodies may be directed against whole TNF- 
alpha or a fragment thereof, or a fragment of a homologous sequence thereof. 

One aspect of the present Invention relates to a heterospecific. polypeptide construct 
comprismg one or more anti-TNF-alpha single domain antibody fused to one or more anfll 
serum protein single domain antibody, the sequences of said anti-TNF-alpha single domain 
antibody corresponding to any of SEQ ,D NOs: 17 to 29. derived from Camelidae heavy chain 
antibodies (VHHs), which bind to TNF-alpha. 

The aspect of the invention relating to an anti-TNF-alpha single domain antibody is not limited 
to a polypeptide represented by SEQ ID NOs: 17 to 29, but may be extended to encompass 
polypeptides comprising CameJidaa antibodies of any class directed towards TNF-alpha Any 
of the heterospecific polypeptide constructs disclosed herein may comprise a Camafidae 
antibody of any class, of the regular class or of the class of human-like Camelidae antibodies 
as d.sclosed herein. These antibodies include the full length Camera antibodies, domains 
and may comprise a human Fc domain if effector functions are needed 
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One embodiment of the present invention is a heterospecific polypeptide oonstruot 
comprising one or moreanti-TNF-alpha single domain antibodies fused to one or more anti- 
serum protein single domain antibodies for use in treating, preventing and/or alieviating the 
symptoms of inflammatory disorders. TNF-alpha is involved in inflammatory processes, and 
the blocking of TNF-alpha action can have an anti-inflammatory effect, which is highly 
des,rable ,n certain disorder states such as. for example. Crohn's disease. Oral delivery of 
these heterospecific polypeptide construct results in the delivery of such molecules in an 
active form in the colon at sites that are affected by the disorder. These sites are highly 
-nflamed and contain TNF-alpha producing cells. These heterospecific polypeptide constructs 
can neutralise the TNF-alpha locaHy. avoiding distribution throughout the whole body and 
thus limiting negative side-effects. Genetically modified microorganisms such as MfcroZccus 
facte are able to secrete antibody fragments. Such modified microorganisms can be used as 
vehicles for local production and delivery of antibody fragments in the intestine. By using a 
strain which produces a TNF-alpha neutralising antibody fragment, inflammatory boll 
disorder could be treated. Another aspect of the invention is a heterospecific polypeptide 
construct comprising one or more anti-TNF-alpha single domain antibodies fused to one or 
more anti-serum protein single domain antibodies for use in the treatment, prevention and/or 
alleviation of discrders relating to inflammatory processes, wherein said heterospecific 
polypeptide construct is administered intravenously, orally, sublingualis topically, nasally 
vaginally., rectally or by inhaiation. Another . aspect of the invention is the use of a 
heterospecific polypeptide construct comprising one or more anti-TNF-alpha single domain 
antibodies fused to one or more anti-serum protein single domain antibodies for the 
preparation of a medicament for the treatment, prevention and/or alleviation of disorders 
relating to inflammatory processes, wherein said heterospecific polypeptide construct is 
administered intravenously, orally, sublingual!* topically, nasally, vaginally, rectally or by 
inhalation. Another aspect of the invention is a method of treating, preventing and/or 
alleviating disorders relating to inflammatory processes, comprising administering to a subject 
a heterospecific polypeptide construct comprising one or more anti-TNF-alpha single domain 
antibodies fused to one or more anti-serum protein single domain antibodies intravenously 
orally, sublingual.* topically, nasally, vaginally, rectally or by inhalation. Another aspect of the 
invention is a heterospecific polypeptide construct comprising one or more anti-TNF-alpha 
single domain antibodies fused to one or more anti-serum protein single domain antibodies 
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for use In the treatment, prevention and/or alleviation of disorders relating to Inflammatory 
processes. Another aspect of the invention is a heterospecific poiypeptide construct 
oompnamg one or more anti-TNF-alpha single domain antibodies fused to one or more anti- 
serum protein single domain antibodies forthe preparation of a medicament for the treatment 
prevention and/or alleviation of disorders reiating to inflammatory processes. Anti-TNF-alpha 
single domain antibodies of the present invention may be derived from a class of VHHs with 
h^gh homology to the human VH sequence, or may be derived from any of the other classes 
of VHHs, including the major class of VHH. 

10 The above aspects and embodiments apply to a heterospecific polypeptide construct 
compnsmg one or more anti-TNF-a,pha single domain antibodies fused to one or more anti 
serum protein single domain antibodies wherein said anti-TNF single domain antibodies 
correspond to any of SEQ .D NOs: 17 to 29 (anti-TNF-alpha VHHs), a homologous sequence 

15 L^of 3 POrti ° n <here ° f ' ° f 3 h ° m0,090US S6C|UenCe ° f 3 PoZ 

The above aspects and embodiments a PP .y to a heterospecific polypeptide construct 
compnslng one or more anti-TNF-alpha single domain antibodies fused to one or more anti- 

20 a S nZ/ r ° tein Sjn9 ' e d ° maIn anUb ° dfeS WhSrcin SaW an «— single domain 

20 antibod.es correspond to any of SEQ ,D NOs: 1 to 3 (anti-serum protein VHHs) a 

homologous sequence thereof, a functional portion thereof., of a homologous sequence of a 
functional portion thereof. 
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The above aspects and embodiments appiy to a heterospecific polypeptide construct 
composing a sequence corresponding to any of SEQ ,D NOs: 4 to 6 (anti-TNF-alpha 
VhH/am-serum albumin VHH), a homologous sequence thereof, a functional portion thereof 
a homologous sequence of a functional portion thereof. The inventors have found that a 
heterospecific polypeptide construct comprising a sequence corresponding to any of SEQ ID 

30 h N ?; f 4to ?;^ 

30 half-life in the circulatory system. 
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Platelet-mediated aggregation is the process wherein von Wiilebrand Factor (vWF)-bound 
collagen adheres to platelets and/or platelet receptors (examples of both are gp«a/lla gplb or 
collagen), ultimately resulting in platelet activation. Platelet activation leads to fibrinogen 
binding, and finaily to plate.et aggregation, it is another aspect of the present invention to 
provKle heterospecific polypeptide constructs which moduiate processes which comprise 
platelet-mediated aggregation such as, for example. vWF-coflagen binding, vWF- P .atelet 
n^eptor adhesion, coilagen-platelet receptor adhesion, platelet activation, fibrinogen binding 
and or platelet aggregation. Said heterospecific polypeptide constructs are derived from 
s.ng,e doma.n antibodies directed towards vWF. vWF A1 or A3 domains or collagen Said 
antibod,es may be directed against whole vWF. vWF A1 or A3 domains or collagen or a 
fragment thereof, or a fragment of a homologous sequence thereof. " ' 

Accordmg to one aspect of the Invention, a target against which a heterospecific polypeptide 
construct comprising one or more anti-TNF-target single domain antibodies fused toone or 
more anti-serum protein single domain antibodies is directed is von Wiilebrand factor (vWF) 
According to one aspect of the invention, the target is vWF A1 or A3 domains. According to 
another aspect of the invention, the target is g P ,b. According to one aspect of the invention 
the target ,s gpla/HA. According to one aspect of the invention, the target is collagen. 

One aspect of the present invention rotates a heterospecffic polypeptide conshoct comprising ' 
one , or rnore antl-vWF single domain ancbodies fused to one or more ano-serum protein 

^ma^T ™ °' Eaid an "" VWF S ' ngte d0n " ain anflb0dies ponding to any of 
10 N ° S: 30 10 39 ' derlved *°™ Co-olid** heavy chain antibodies (VHHs), which bind to 

vWF. 



30 



The aspect of the invention relating to anti-vWF. anti-vWF A1 or anti-vWF A3, anti-gplb anti- 
gpla/lla, or anti-collagen VHHs is not limited to polypeptides represented by SEQ ID NOs- 30 
to 39, but may be extended to encompass polypeptides comprising Came/Wee antibodies of 
any class directed towards vWF. vWF A1 or A3 domains or collagen. The VHHs disclosed 
herem may comprise a CameUdae antibody of any class, of the traditional class or of the 
class of human-like CameUdae antibodies as disclosed herein. These polypeptides include 



036 08.07.2003 17 



10 



15 



20 



25 



30 



27 

the full length Camelidae antibodies, and may comprise a human Fc domain If effector 
functions are needed. 

One embodiment of the present invention is a heterospecific polypeptide construct 
comprising one or more anti-target single domain antibodies fused to one or more anti-serum 
protem srngle domain antibodies target, wherein the target is any of vWF, WVF A1 or A3 
domains or collagen for use in treating, preventing and/or alleviating the symptoms of 
disorders or conditions relating to platelet-mediated aggregation or dysfunction thereof Said 
disorders include transient cerebral ischemic attack, unstable angina pectoris, cerebra. 
mfarctron. myocardial infarction, peripheral arterial ocdusive disease, restenosis Said 
conditions include those arising from coronary by-pass graft, coronary artery' valve 
replacement and coronary interventions such angioplasty, stenting, or atherectomy One 
aspect of the invention is a heterospecific polypeptide construct comprising one or more anti- 
tanget srngle domain antibodies fused to one or more anti-serum pmtein sing,e domain 
ant,bod,es. wherein the target is any of vWF. vWF A1 or A3 domains or collagen for use in 
the treatment, prevention and/or alleviation of disorders or conditions relating to platelet- 
mediated aggregation or dysfunction thereof, wherein said heterospecific polypeptide 
construct is administered intravenous.y. orally, sublingual!* topically, nasally, vaginally 
totally or by inhalation. Another aspect of the invention is the use of a heterospecific 
po.ypept.de construct comprising one or more anti-target single domain antibodies fused to 
one or more anti-serum protein single domain antibodies target, wherein the target is any of 
vWF. vWF A1 or A3 domains or collagen for the preparation of a medicament for the 
treatment, prevention and/or alleviation of disorders or conditions relating to platelet-mediated 
aggregation or dysfunction thereof, wherein said heterospecific polypeptide construct is 
admmistered Intravenously, orally, sublingualis topically, nasally, vaginally, rectally or by 
inhalation. Another aspect of the invention is a method of treating, preventing and/or 
alleviating disorders or conditions relating to relating to platelet-mediated aggregation or 
dysfunction thereof, comprising administering to a subject a heterospecific polypeptide 
construct comprising one or more anti-target single domain antibodies fused to one or more 
anti-serum protein single domain antibodies target, wherein the target is any of vWF VWFA1 
or A3 domains or collagen, wherein said heterospecific polypeptide construct is administered 
mtravenously, orally, sublingual!* topically, nasally, vaginally, rectally or by inhalation 
Another aspect of the invention is a heterospecific polypeptide construct comprising one or 
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more anti-target single domain antibodies fused to one or more anti-serum protein single 
domain antibodies, wherein the target is any of vWF, vWF A1 or A3 domains or collagen for 
use in the treatment, prevention and/or alleviation of disorders or conditions relating to 
platelet-mediated aggregation or dysfunction thereof. Another aspect of the invention is a use 
of a heterospecific polypeptide construct comprising one or more anti-target single domain 
antibodies fused to one or more anti-serum protein single domain antibodies, wherein the 
target is any of vWF, vWF A1 or A3 domains or collagen for the preparation of a medicament 
for the treatment, prevention and/or alleviation of disorders or conditions relating to platelet- 
med.ated aggregation or dysfunction thereof. Anti-vWF, anti-vWF A1 or anti-vWF A3 or anti 
collagen VHHs of the present invention may be derived from the class of VHHs with high 
homology to the human VH sequence, or may be derived from any of the other classes of 
VHHs, including the major class of VHH. 

The above aspects and embodiments apply to a heterospecific polypeptide construct 
compnsmg one or more anti-vWF single domain antibodies wherein said single domain 
antibodies correspond to any of SEQ ID NOs: 30 to 39 (anti- vWF VHHs), a homologous 
sequence thereof, a functional portion thereof, of a homologous sequence of a functional 
portion thereof. 

20 The above aspects and embodiments apply to a heterospecific polypeptide construct 
comprising one or more anti-target single domain antibodies fused to one or more anti-serum 
protein single domain antibodies, wherein the target is any of vWF. vWF A1 or A3 domains or 
collagen and wherein said anti-serum protein single domain antibodies correspond to any of 
SEQ ID NOs: 1 to 3, a homologous sequence thereof, a functional portion thereof, of a 

25 homologous sequence of a functional portion thereof. 

The above aspects and embodiments apply to a heterospecific polypeptide construct 
corresponding to any of SEQ ID NO: 40 to 42 (anti-vWF VHH/anti-serum albumin VHH) a 
homologous sequence thereof, a functional portion thereof, of a homologous sequence of a 
30 functional portion thereof. 
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IgE 

During their lifetime, subjects may develop an allergic response to harmless parasites 
Dermatophagoides pteronyssinus, house dust mite) or substances (clumps, plastics, metals). 
5 This results in the induction of IgE molecules that initiate a cascade of immunological 
responses. One aspect of the present invention a heterospecific polypeptide construct 
comprising one or more IgE-specific single domain antibodies, said heterospecific 
polypeptide construct preventing the interaction of IgEs with their receptor(s) on mast cells 
and basophils. As such they prevent the initiation of the immunological cascade, an allergic 
10 reaction. 

According to one aspect of the invention, a target against which a heterospecific polypeptide 
construct comprising one or more anti-target single domain antibodies fused to one or more 
anti-serum protein single domain antibodies is directed is IgE. Said antibodies may be 
15 directed against whole IgE or a fragment thereof, or a fragment of a homologous sequence 
thereof. 

One aspect of the present invention relates to a heterospecific polypeptide construct 
comprising one or more anti-IgE single domain antibodies fused to one or more anti-serum 
20 protein single domain antibodies, the sequences of said anti-IgE single domain antibodies 
corresponding to any of SEQ ID NOs: 7 to 16, derived from Camelidae heavy chain 
antibodies (VHHs), which bind to IgE. 

An aspect of the invention relating to anti-IgE VHHs is not limited to polypeptides represented 
25 by SEQ ID NOs: 7 to 16, but may be extended to encompass polypeptides comprising 
Camelidae antibodies of any class directed towards IgE. The VHHs disclosed herein may 
comprise a Camelidae antibody of any class, of the traditional class or of the class of human- 
like Camelidae antibodies as disclosed herein. These polypeptides include the full length 
Camelidae antibodies, and may comprise a human Fc domain if effector functions are 
30 needed. 

One embodiment of the present invention is a heterospecific polypeptide construct 
comprising one or more antl-lgE single domain antibodies fused to one or more anti-serum 
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protein single domain antibodies for use in treating, preventing and/or alleviating the 
symptoms of disorders relating to allergies. Said disorders comprise a wide range of IgE- 
mediated diseases such as hay fever, asthma, atopic dermatitis, allergic skin reactions, 
allergic eye reactions and food allergies. One aspect of the invention is a heterospecific 
5 polypeptide construct comprising one or more anti-lgE single domain antibodies fused to one 
or more anti-serum protein single domain antibodies for use in the treatment, prevention 
and/or alleviation of disorders relating to allergies, wherein said VHH is administered 
Intravenously, orally, sublingual^, topically, nasally, vaginally, rectally or by inhalation. 
Another aspect of the invention is the use of a heterospecific polypeptide construct 

10 comprising one or more antl-lgE single domain antibodies fused to one or more anti-serum 
protein single domain antibodies for the preparation of a medicament for the treatment, 
prevention and/or alleviation of disorders relating to allergies, wherein said heterospecific 
polypeptide construct is administered intravenously, orally, sublingualis topically, nasally, 
vaginally, rectally or by Inhalation. Another aspect of the invention is a method of treating, 

15 preventing and/or alleviating disorders relating to allergies, comprising administering to a 
subject a heterospecific polypeptide construct comprising one or more anti-lgE single domain 
antibodies fused to one or more anti-serum protein single domain antibodies intravenously, 
orally, sublingual^, topically, nasally, vaginally, rectally or by inhalation. Another aspect of the 
invention is a heterospecific polypeptide construct comprising one or more anti-lgE single 

20 domain antibodies fused to one or more anti-serum protein single domain antibodies for use 
in the preparation of a medicament for the treatment, prevention and/or alleviation of 
disorders relating to allergies. Another aspect of the invention is a use of a heterospecific 
polypeptide construct comprising one or more anti-lgE single domain antibodies fused to one 
or more anti-serum protein single domain antibodies for the preparation of a medicament for 

25 the treatment, prevention and/or alleviation of disorders relating to allergies. Anti-lgE VHHs of 
the present invention may be derived from the new class of VHHs described above, or may 
be derived from any of the other classes of VHHs, including the major class of VHH. 

The above aspects and embodiments apply to a heterospecific polypeptide construct 
30 comprising one or more anti-lgE single domain antibodies fused to one or more anti-serum 
protein single domain antibodies, wherein anti IgE- single domain antibodies correspond to 
any of SEQ ID NOs: 7 to 16 (anti-lgE VHHs), a homologous sequence thereof, a functional 
portion thereof, of a homologous sequence of a functional portion thereof. 
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The above aspects and embodiments apply to a heterospecific polypeptide construct 
comprising one or more anti-lgE single domain antibodies fused to one or more anti-serum 
protein single domain antibodies wherein said anti-serum protein single domain antibodies 
5 correspond to any of SEQ ID NOs: 1 to 3 (anti-protein serum VHHs), a homologous 
sequence thereof, a functional portion thereof, of a homologous sequence of a functional 
portion thereof. 

The above aspect and embodiments apply to a heterospecific polypeptide construct 
10 corresponding to any of SEQ ID NOs: 43 to 45 (anti-lgE VHH/anti-serum albumin VHH), a 
homologous sequence thereof, a functional portion thereof, of a homologous sequence of a 
functional portion. 

A heterospecific polypeptide construct as disclosed herein prevents thus reduces or prevents 
15 an allergic response due to common or unusual allergens. Furthermore, the construct has a 
prolonged lifetime in the blood so increasing the therapeutic window. 

IFN-gamma 

According to one aspect of the invention, a target against which one or more anti-target single 
20 domain antibodies of a heterospecific polypeptide construct comprising one or more anti- 
target single domain antibodies fused to one or more anti-serum protein single domain 
antibodies is directed against is interferon-gamma (IFN-gamma). IFN-gamma is secreted by 
some T cells. In addition to its anti-viral activity, IFN-gamma stimulates natural killer (NK) cells 
and T helper 1 (Th1 ) cells, and activates macrophages and stimulates the expression of MHC 
25 molecules on the surface of cells. Hence, IFN-gamma generally serves to enhance many 
aspects of immune function, and is a candidate for treatment of disorders where the immune 
system is over-active e.g. Crohn's disease, autoimmune disorders and organ plant rejection 
in addition inflammatory disorders such as rheumatoid arthritis, Crohn's disease, ulcerative 
colitis and multiple sclerosis. 

30 

One aspect of the present invention relates to a heterospecific polypeptide construct 
comprising one or more anti-IFN-gamma single domain antibodies fused to one or more anti- 
serum protein single domain antibodies, the sequences of said anti-IFN-gamma single 
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domain antibodies corresponding to any of SEQ ID NOs: 46 to 62 derived from Camelidae 
heavy chain antibodies (VHHs), which bind to IFN-gamma. 

The aspect of the invention relating to anti-IFN-gamma VHH is not limited to polypeptides 
represented by SEQ ,D NOs: 46 to 62, but may be extended to encompass polypeptides 
compns.ng Camelidae antibodies cf any class directed towards IFN-gamma. Any of the 
polypeptides disclosed herein may comprise a Camelidae antibody of any class of the 
fraditiona. class or of the new class of human-like Camelidae antibodies as disclosed' herein 
Sa.d antibodies may be directed against whole IFN-gamma or a fragment thereof or a 
fragment of a homologous sequence thereof. These polypeptides include the full length 
CameUdae anfbodies. and may comprise a human Fc domain if effector functions are 
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One embodiment of the present invention is a heterospecific polypeptide construct 
compnslng one or more anti-IFN-gamma single domain antibodies fused to one or more anti 
serum protein single domain antibodies for use in treating, preventing and/or alleviating the" 
symptoms of the disorders wherein the immune system is overactive, as mentioned above 
Current therapy consists of intravenous administration of anti-IFN-gamma antibodies Orai 
dehvery of these heterospecific polypeptide constructs results in the delivery of " such 

^TT, ' n 3 " ^ ^ !n CO, ° n 3t S,t6S th3t 3re aff6Cted * the dfeo *er. These sites 
are h.ghly mflamed and contain IFN-gamma producing cells. These heterospecific 
polypeptide constructs can neutralise the IFN-gamma locally, avoiding distribution throughout 
the whole body and thus limiting negative side-effects. Genetically modified microorganisms 
such as Micrococcus lactis are able to secrete antibody fragments. Such modified 
m.croorganisms can be used as vehicles for local production and delivery of antibody 
fragments in the intestine. By using a strain which produces a IFN-gamma neutralising 
antibody fragment, inflammatory bowel disorder could be treated. Another aspect of the 
invention is a heterospecific polypeptide construct comprising one or more anti-IFN-gamma 
smgle domain antibodies fused to one or more anti-serum protein single domain antibodies 
for use in the treatment, prevention and/or alleviation of disorders wherein the immune 
system is overactive, wherein said heterospecific polypeptide construct is administered 
Intravenously, orally, sublingualis topically, nasally, vaginally, rectally or by inhalation 
Another aspect of the invention is the use of a heterospecific polypeptide construe! 
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comprising one or more anti-IFN-gamma single domain antibodies fused to one or more anti- 
serum protein single domain antibodies for the preparation of a medicament for the treatment, 
prevention and/or alleviation of disorders wherein the immune system is over active, wherein 
said heterospecific polypeptide construct is administered intravenously, orally, sublingual^, 
5 topically, nasally, vaginally, rectally or by inhalation. Another aspect of the invention is a 
method of treating, preventing and/or alleviating disorders wherein the immune system is 
overactive, comprising administering to a subject a heterospecific polypeptide construct 
comprising one or more anti-IFN-gamrna single domain antibodies fused to one or more anti- 
serum protein single domain antibodies intravenously, orally, sublingually, topically, nasally, 

10 vaginally, rectally or by inhalation. Another aspect of the invention is a heterospecific 
polypeptide construct comprising one or more anti-IFN-gamma single domain antibodies 
fused to one or more anti-serum protein single domain antibodies for use in the preparation of 
a medicament for the treatment, prevention and/or alleviation of disorders wherein the 
immune system is overactive. Another aspect of the invention is a use of a heterospecific 

15 polypeptide construct comprising one or more anti-IFN-gamma single domain antibodies 
fused to one or more anti-serum protein single domain antibodies for use in the preparation of 
a medicament for the treatment, prevention and/or alleviation of disorders wherein the 
immune system is over active. Anti-IFN-gamma VHHs of the present invention may be 
derived from the new class of VHHs described above, or may be derived from any of the 

20 other classes of VHHs, including the major class of VHH. 

The above aspect and embodiments apply to a heterospecific polypeptide construct 
comprising one or more anti-IFN-gamma VHHs fused to one or more anti-serum protein 
single domain antibodies wherein said anti-IFN-gamma VHHs correspond to any of SEQ ID 
25 NOs: 46 to 62, a homologous sequence thereof, a functional portion thereof, of a homologous 
sequence of a functional portion. 

The above aspects and embodiments apply to a heterospecific polypeptide construct 
comprising one or more anti-IFN-gamma single domain antibodies fused to one or more anti- 
30 serum protein VHHs wherein said anti-serum protein VHHs correspond to any of SEQ ID 
NOs: 1 to 3, a homologous sequence thereof, a functional portion thereof, of a homologous 
sequence of a functional portion thereof. 
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The above aspects and embodiments apply to a heterospecific polypeptide construct 
corresponding to any of SEQ ,D NOs: 63 to 65 (anti-.FN-gamma VHH/an«-serum albumin 

3 homo,0 9° us thereof, a functional portion thereof, of a homologous 

sequence of a functional portion. 

Cloning vehicle 

One embodiment of the present invention is a recombinant Cone comprising nucleic acid 
encoding a heterospecific polypeptide construct according to the invention. In one aspect of 
the invention, said nucleic acid encodes one or more single domain antibodies each directed 
to a therapeutic or diagnostic target antigen and nucieic acid encoding one or more single 
domain ant.bod.es directed to a serum pnotein. said singie domain antibodies iinked wl* 

tS 7 " n T; " ^ " ^ P6P « de '^secuences. Acceding to one aspect of 
the nvention, a linker sequence is any suitabie linker sequence known in the art Acconding to 
ano^er aspect of the invention, a linker sequence is a natural* occurring sequence 

sTnmc!?"^ 65 ° f .' lnkerS S6qUenCeS ^ ^ ^ "<* — unogenic or not 
significantly immunogenic, they can provide sufficient flexibility to the heterospecific 
po.ypept.de construct, and are resistant to proteolytic degradation. An example of a Knker 
according to the invention is that disclosed in PCT/EP96/01725 which is derived from the 
hinge region of VHH. 

According to another aspect of the invention, a clone comprises nucleic acid of a encoding a 
polypeptide corresponding to a sequence represented by any of SEQ ID NOs- 1 to 3 a 
homologous sequence thereof, a functional portion thereof, or a homologous sequence of a 
Tunchona. portion, together with nucleic acid encoding one or more anti-target single domain 
ant.bod,es, a homologous sequence thereof, a functional portion thereof, or a homologous 
sequence of a functional portion thereof. 

According to another aspect of the invention, a clone comprises nucleic acid capable of 
encoding a polypeptide corresponding to a sequence represented by any of SEQ ID NOs- 7 
to 39, a homologous sequence thereof, a functional portion thereof, or a homologous 
sequence of a functional portion thereof, together with nucleic acid encoding one or more 
anti-serum protein single domain antibodies, a homologous sequence thereof, a functional 
portion thereof, or a homologous sequence of a functional portion thereof. 
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According to another aspect of the invention, a clone comprises nucleic acid capable of 
encoding a polypeptide corresponding to a sequence represented by any of SEQ ID NOs- 4 
to 6, a homologous sequence thereof, a functional portion thereof, or a homologous 
5 sequence of a functional portion thereof. 

It is within the scope of the invention that nucleic acid encoding multiple anti-target and/or 
mult.ple anti-serum VHHs are present in a clone of the invention. 

10 By transforming a compatible host with a done encoding a heterospecific polypeptide 
oonstnrct of the invention, the heterospecific polypeptide construct can be produced in 
sufficient quantities for use in therapy. Examples of organisms into which said clone may be 
transformed include, but are not limited to £ oaf or Sacchoromyces cerevislae. 

15 anTr TZT"* ° f PfeSent lnVent, ° n iS 9 ^ f ° r Pro, °"^ ^ half-life of an 
ant!- arget-VHH compnsing the step of joining thereto one or more anti-serum albumin VHHs 

As already mentioned above, methods for joining are known in the art or may be any future 

method, for example, they may be fused by chemica. coupling, fused at the DNA level etc. 

20 Treating, preventing and/or alleviating the symptoms of one or more of the disorders 
mentioned herein generally involves administering to a subject a "therapeutically effective 
amount" of polypeptide. By "therapeutically effective amount", "therapeutically effective dose" ' 
and effective amount" means the amount needed to achieve the desired result or results 
One of ordinary skill in the art will recognise that the potency and, therefore, an "effective 

.5 amount" can vary for the various compounds that inhibit a disorder pathway used in the 
invention. One skilled in the art can readily assess the potency of the compound. 

As used herein, the term "compound" refers to a heterospecific polypeptide construct as 
drsclosed herein, a polypeptide represented by SEQ ID NOs: 4 to 6, a homologous sequence 
0 thereof, or a homologue thereof, or a nucleic acid capable of encoding said polypeptide. 

By "pharmaceutical^ acceptable" is meant a material that is not biologically or otherwise 
undes,rable. i.e., ihe material may be administered to an individual along with the compound 
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without causing any undesirable bioiogicai effects or interacting in a deleterious manner with 
any of the other components of the pharmaceutical composition in which it is contained. 

The invention disciosed herein is useful for treating or preventing a condition relating to a 
disorder as mentioned herein (e.g. allergy and/or inflammation), in a subject and comprising 
adm.n.stenng a pharmaceutical^ effective amount of a compound or composition that binds 
to a component invoived in the disorder pathway (e.g. to «gE and/or TNF-a.pha in the blood 
stream), so inhibiting the disorder pathway and the disorder. 

One aspect of the present invention is the use of compounds of the invention for treating or 
preventing a condition relating to a disorder as mentioned herein (e.g. allergy and/or 
■nfiammation), in a subject and comprising administering a pharmaceutical* effective a mou n 
of a compound in combination with another, such as, for example, aspirin. 

The present invention is not limited to the administration of formulations comprising a single 
compound of the invention. It is within the scope of the invention to provide combination 
treatments wherein a formulation is administered to a patient in need thereof that comprises 
more than one compound of the invention. 

It is well known in the art how to determine the inhibition of a disorder pathway using the 
standard tests described herein, or using other simiiar tests. Preferably, the method would 
result ,n at least a 10% reduction in an indicator of the disorder, including, for example w 
200,, 25% , 30%, 40%, 50 % , 60 o /o . 70%, S0% 90 %, 100%. or any amount in beZn' Zt 
preferably by 90%. For example, an inhibition of an allergic pathway by inhibition of igE by a 
pept.de of the invention might result in a 10% reduction in food-specific IgE levels. 

The compound useful in the present invention can be formulated as pharmaceutical 
compositions and administered to a mammalian host, such as a human patient or any animal 
m a variety of forms adapted to the chosen route of administration, i.e., orally or parenteral* 
by intranasal by inhalation, intravenous, intramuscular, topical or subcutaneous routes. ' 

The compound of the present invention can also be administered using gene therapy 
methods of delivery. See. e.g., U.S. Patent No. 5.399,346, which is incorporated by reference 
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In Its entirety. Using a gene therapy method of delivery, primary oatts Iransfeoted with the 
gene for the compound of the present invention oan additionally be tranafeoted with tissue 
speofic promoters to target specific organs, tissue, grafts, tumors, or oells. 

Thus, the present compound may be systemically administered, e.g.. omiiy. in combination 
with a phamtaceuflceily accede vehicte such as an had dlluen, or an limliabt ^e 
earner. They may be endosad in hand or eofr she,, geiadn capsuiea. may be comprjeotta 
tablets or may be lncoIporated ^ ^ 

•*"«•» acdve compound may be combined „Hh one or more ettctplanls endued 
n the fom, o, ingesdbie table*, bucca, tablets, baches, capsuiea. elbdm. sue^ne^ 

TV* compos,6ons and - ^ «* ~ 

' °' aam . COmPOUnd - ^ f»'«"«age of me compositions and preparations may of 
caurse, be vaned and may convenient* be belween about 2 to about 60% of me JZ a, e 
grven und dosage tona. The amount ot active compound in such merapeudca^lfj 
composrbona ,a such that an effecdve dosage level will be obtained. 

The tablets, troches. pi„s, capsules, and me .Ke may also contain the following: binders such 
as gum tragacanth, acacia, com starch or gelatin; events such as dicalctam phoapha j^ 
dtamtegrabng agent such as com atarch. potato stamh, atginic acid and the like; a 
such as magnaaium steamy and a sweetening agent auch as sucrase. fructose, lacteal 
aspartame or a flavoring age* such as peppemdnt. oil of wintergreen. or cheny. flavoring 
may be added. When me und doaage torn, ,a a capsule. It may certain, in addZ to 

v^TZT a " qu,d 8UCh M a <* w a *-* 

materials may be present as coatings or to otherwise modify the physical torn, of the solid 
und dosage form. For instance, tabteta, pills, or capsules may ba coated with geiadn wax 
she lac or sugar and the like. A syrup or elbdr may contain the acUve compound, sucrase or 
fructose aa a sweetening agent, methyl and propylparabens as preservatives, a dye and 
flavonng such as cheny or orange flavor. Of course, any material used In preparing any unll 
dosage form should be phanmaceudcaKy acceptable and aubetantiaiiy ZJL in the 
amounts employed. In addition, Ihe active compound may be incorporated Into sustained- 
release preparations and devices. 
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The active compound may also be administered intravenously or intraperitoneaily by infusion 
or injection. Solutions of the active compound or its salts can be prepared in water, optionally 
mixed with a nontoxic surfactant. Dispersions can also be prepared in glycerol, liquid 
polyethylene glycols, triacetin, and mixtures thereof and in oils. Under ordinary conditions of 
5 storage and use, these preparations contain a preservative to prevent the growth of 
microorganisms. 

The pharmaceutical dosage forms suitable for injection or infusion can include sterile 
aqueous solutions or dispersions or sterile powders comprising the active ingredient which 

10 are adapted for the extemporaneous preparation of sterile injectable or infusible solutions or 
dispersions, optionally encapsulated in liposomes. In all cases, the ultimate dosage form 
must be sterile, fluid and stable under the conditions of manufacture and storage. The liquid 
carrier or vehicle can be a solvent or liquid dispersion medium comprising, for example, 
water, ethanol, a polyol (for example, glycerol, propylene glycol, liquid polyethylene glycols, 

15 and the like), vegetable oils, nontoxic glyceryl esters, and suitable mixtures thereof. The 
proper fluidity can be maintained, for example, by the formation of liposomes, by the 
maintenance of the required particle size in the case of dispersions or by the use of 
surfactants. The prevention of the action of microorganisms can be brought about by various 
antibacterial and antifungal agents, for example, parabens, chlorobutanol, phenol, sorbic 

20 acid, thimerosal, and the like. In many cases, it will be preferable to include isotonic agents, 
for example, sugars, buffers or sodium chloride. Prolonged absorption of the injectable 
compositions can be brought about by the use in the compositions of agents delaying 
absorption, for example, aluminum monostearate and gelatin. 

25 Sterile injectable solutions are prepared by incorporating the active compound in the required 
amount in the appropriate solvent with various of the other ingredients enumerated above, as 
required, followed by filter sterilization, fn the case of sterile powders for the preparation of 
sterile injectable solutions, the preferred methods of preparation are vacuum drying and the 
freeze drying techniques, which yield a powder of the active ingredient plus any additional 

30 desired ingredient present in the previously sterile-filtered solutions. 

For topical administration, the present compound may be applied in pure form, i.e., when they 
are liquids. However, it will generally be desirable to administer them to the skin as 
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compositions or formulations, in combination with a derrnatologically acceptable carrier, 
which may be a solid or a liquid. 

Useful solid carriers include finely divided solids such as talc, clay, microcrystallfne cellulose, 
5 silica, alumina and the like. Useful liquid carriers include water, hydroxyalkyis or glycols or 
water-alcohol/glycol blends, in which the present compound can be dissolved or dispersed at 
effective levels, optionally with the aid of non-toxic surfactants. Adjuvants such as fragrances 
and additional antimicrobial agents can be added to optimize the properties for a given use. 
The resultant liquid compositions can be applied from absorbent pads, used to impregnate 
10 bandages and other dressings, or sprayed onto the affected area using pump-type or aerosol 
sprayers. 

Thickeners such as synthetic polymers, fatty acids, fatty acid salts and esters, fatty alcohols, 
modified celluloses or modified mineral materials can also be employed with liquid carriers to 
15 form spreadable pastes, gels, ointments, soaps, and the like, for application directly to the 
skin of the user. 

Examples of useful dermatological compositions which can be used to deliver the compound 
to the skin are known to the art; for example, see Jacquet et al. (U.S. Pat. No. 4,608,392), 
20 Geria (U.S. Pat. No. 4,992,478), Smith et al. (U.S. Pat. No. 4,559,157) and Wortzman (U.S. 
• • Pat. No. 4,820,508). 

Useful dosages of the compound can be determined by comparing their in vitro activity, and 
in vivo activity in animal models. Methods for the extrapolation of effective dosages in mice, 
25 and other animals, to humans are known to the art; for example, see U.S. Pat No. 4,938,949. 

Generally, the concentration of the compound(s) in a liquid composition, such as a lotion, will 
be from about 0.1-25 wt-%, preferably from about 0.5-10 wt-%. The concentration in a semi- 
solid or solid composition such as a gel or a powder will be about 0.1-5 wt-%, preferably 
30 about 0.5-2.5 wt-%. 

The amount of the compound, or an active salt or derivative thereof, required for use in 
treatment will vary not only with the particular salt selected but also with the route of 
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administration, the nature of the condition being treated and the age and condition of the 
patient and will be ultimately at the discretion of the attendant physician or clinician. Also the 
dosage of the compound varies depending on the target cell, tumor, tissue, graft, or organ. 

5 The desired dose may conveniently be presented in a single dose or as divided doses 
administered at appropriate intervals, for example, as two, three, four or more sub-doses per 
day. The sub-dose itself may be further divided, e.g., into a number of discrete loosely 
spaced administrations; such as multiple inhalations from an insufflator or by application of a 
plurality of drops into the eye. 

10 

An administration regimen could include long-term, daily treatment. By "long-term" is meant at 
least two weeks and preferably, several weeks, months, or years of duration. Necessary 
modifications in this dosage range may be determined by one of ordinary skill in the art using 
only routine experimentation given the teachings herein. See Remington's Pharmaceutical 
15 Sciences (Martin, E.W., ed. 4), Mack Publishing Co., Easton, PA. The dosage can also be 
adjusted by the individual physician in the event of any complication. 
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FIGURES 



Figure 1. Figure 1. Phase ELISA of PBL-derived VHH libraries against mouse serum albumin 
versus lymph node punctions 

5 Figure 2. Sequences of VHHs raised against mouse serum albumin (SEQ ID NOs: 1 to 3) of 
tavalent oonsm.Cs consisting of anti-mouse serum albumin VHH and ane-TNF-alpha VHH 

rt e ^tT er,ined SSqUenCe ' S 3 **" (SEQ ID NOs: 4 to « ° f VH H= -inaoted against 

VHH ri 1 , 7 10 16> ' ° f VHHS d ' ra0ted ~* TNF " a,pha < SEQ 10 N0« 17 to 29) , o 
VHHs d,racted agamst WVF (SEQ ID NOs: 30 to 3g), of bivalen, construe* constating of and- 

10 mouse serum albumin VHH and anti-vWF VHH. wherein the undedlned sequence is a linker 

(SEQ ID NOs: 40 to 42). o, bivalent consuucts consisting of ana-mouse eel alburn WH 

and anq-lgE VHH. where., (he undedlned sequence is a linker (SEQ ,D NOs: 43 TJZ 

VHHs d,rec*ed against IFN-gamma (SEQ ID NOs: 46 to 62 , and bivalen, consuls 

^ oons,st,ng of anb-mouse serum albumin VHH and anfi-mN-gamma VHH (SEQ ID NOs: 63 to 

Figure 3. Results of experiments to test cross-mactMtv according to Example 8 when* 1= 
P* pteama. 2= human plasma. 3= rat p,a sma . 4. ^ pJasma 5 . 
hamster plasma. 7= baboon plasma. t~~™>. o 

Figure 4. Binding of purified VHH to human serum albumin as tested by ELISA 
20 Figure 5. Binding of purified VHH to mouse senim albumin as tested by EUSA 

Rgure 6. Sandwich EUSA to verify functionality of both VHHs in the blspeotfio protein 

FI T,w T,!T EUSA ** " l0ma " , * 9Pla/ " a - ™> (negafive 

comro,, for VHH libraries of ilama 002 or llama 004 PBL (flmt and sacond b,eed,ng) Lul 
lymph node punctions. 

Rgure 8: Western blot for expression of the A1 and A3 domain of vWF on the surface of 

E. colt as a fusion with Oprl. 

Figure 9: Results of sequencing A1 or A3 specific binders according to Example 6 

F. gure 10. Binding of purified C37, A50 or A38 to vWF measured by ELISA. 

Figure 11: The results of experiments to determine the inhibitory effect of VHH upon the 
30 binding ofvWF to collagen as in Example 3. 

Figure 12: The results of experiments to determine the inhibitory effect of VHH upon the 
binding of vWF to the platelet receptor gplb as In Example 4. 



25 
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Figure 13: Agarose gel of DNAse digest of vWF fragment (aa 1371 to 111 985) with 
decreasing concentrations of DNAse. 

Figure 14. Binding in ELISA to vWF for C37 stored at -20 °C as compared to C37 incubated at 
37°Cfor196 hours. 

Figure 15. Residual activity for C37 stored at -20°C as compared to C37 incubated at 37°C 
for up to 194 hours. C37 stability is compared to stability of a scFv specific for B3 antigen and 
a stabilised form, dsFv (stabilised by 2 disulphide bonds). 
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EXAMPLES 

The invention is illustrated by the following non-limiting examples. 

5 

Example 1 : Immunisation of llamas 

One llama was immunized with human serum albumin (HSA). The immunization scheme is 
summarized in Table 1. 



Day of Immunization 


HSA 

Llama006 


0 


100 ug 


7 


100 ug 


14 


50 ug 


21 


50 ug 


28 


50 ug 


35 


50 ug 



10 

Table 1: Immunisation scheme according to Example 1 

Example 2: Repertoire cloning 

Different sources for RNA extraction were used: 
15 - 150 ml blood, between 4 and 10 days after the last antigen injection 
- lymph node biopsy 4 days after the last antigen injection 

Peripheral blood lymphocytes (PBLs) were isolated by centrifugation on a density gradient 
(Ficoll-Paque Plus Amersham Biosciences). PBLs and lymph node were used to extract total 
RNA (Chomczynski and Sacchi 1987) followed by synthesis of cDNA using a hexanucleotide 

20 random primer. The repertoire was amplified using two hinge-specific primers: 
AACAGTTAAGCTTCCGCTTGCGGCCGCGGAGCTGGGGTCTTCGCTGT6GTGCG and 
AACAGTTAAGCTTCCGCTTGCGGCCGCTGGTTGTGGTTTTGGTGTCTTGGGTT and a 
framework 1 specific primer: GAGGTBCARCTGCAGGASTCYGG. Fragments were digested 
with Pstl and Notl and cloned into a phagemrd vector. The repertoire was transformed in TG1 

25 electrocompetent cells and plated on LB agar plates containing 100 jig/ml amplcillin and 2% 
glucose- Colonies were screened for the presence of insert by PGR with vector specific 
primers. 



• -wr ^-r W Mm ^ T * fc 
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Example 3: Rescue of the library, phage preparation 

Libraries were grown at 37°C in 60 ml 2xTY medium containing 2% glucose, and 100 pg/ml 
ampicillin, until the OD600nm reached 0.5. 10 12 M13K07 phages were added and the mixture 
was incubated at 37°C for 2 x 30 minutes, first without shaking, then with shaking at 100 rpm. 
5 Cells were centrifuged for 10 minutes at 4500 rpm at room temperature. The bacterial pellet 
was resuspended in 300 ml of 2xTY medium containing 100 pg/ml ampicillin and 25 pg/ml 
kanamycin, and incubated overnight at 30°C with vigorously shaking at 250 rpm. The 
overnight cultures were centrifuged for 15 minutes at 10,000 rpm at 4°C. Phages were PEG 
precipitated (20% poly-ethylene-glycol and 1.5 M NaCI) and centrifuged for 30 minutes at 
10 10.000 rpm. The pellet was resuspended in 20 ml PBS. Phages were again PEG precipitated 
and centrifuged for 30 minutes at 20,000 rpm and 4°C. The pellet was dissolved in 5 ml PBS. 
Phages were titrated by infection of TG1 cells at OD600nm= 0.5 and plating on LB agar 
plates containing 100 pg/ml ampicillin and 2% glucose. The number of transformants 
indicates the number of phages (= pfu). The phages were stored at -80°C with 15% glycerol. 

15 

Example 4: Phage ELISA 

A microtiter plate (Maxisorp) was coated overnight at 4°C with PBS-1 % casein or with 5 jig/ml 
HSA or MSA. The plate was washed 3 times with PBS-Tween (0.05% Tween20) and blocked 
for 2 hours at room temperature with 200 \x\ PBS-1 % casein. The plate was washed five times 

20 with PBS-Tween. Phages were prepared as described above and applied to the wells in 
consecutive twofold dilutions. Plates were washed five times with PBS-Tween. Bound phage 
were detected with a mouse monoclonal antibody anti-M13 conjugated with horse radish 
peroxidase (HRP) diluted 1/2000 in PBS. The plates were washed five times with PBS- 
Tween. Staining was performed with ABTS/H 2 0 2 and signals were measured after 30 minutes 

25 at 405 nm (see Figure 1 for HSA). 

Example 5: Selection: first and second round of biopanning 

A well in a microtiterplate was coated with 10 ng/ml mouse serum albumin (MSA), or with 
PBS containing 1% casein. After overnight incubation at 4°C, the wells were blocked with 
30 PBS containing 1% casein, for 3 hours at RT. 200 \x\ phages of the three libraries were 
pooled and 100 jxl of this pool was added to the wells. After 2 hours incubation at RT, the 
wells were washed 10x with PBS-Tween and 10x with PBS. Bound phages were eluted with 
100 \x\ 0.2 M glycin buffer pH= 2.4. Elutions were performed for 20 minutes at room 
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temperature. Eluted phages were allowed to infect exponentially growing H coli TGf cells 
and were then plated on LB agar plates containing 100 ug/ml ampicillin and 2% glucose A 
second round was performed with the same conditions as described above. Results are 
summarized in Table 2. 





First round 


Second round 


Pfu mouse serum albumin 


2.5 x 10' 


2.5x10' 1 


Pfu casein 


5x10 3 


2.5 X10 3 


Enrichment 


5.000 


10,000 



Table 2: Results of first and second round selection of anti-MSA VHH according to Exampie 



10 



15 



20 



Example 6: Screening of individual clones after biopannlng 

ELISA: binding to human serum albumin [HSAj ^ ^n, m 

^T^T & T 00318(1 ^ 5 P9/m ' HSA ' ^ 5 ^ m ° USe Serum alb ^n (MSA) or 
wth PBS-1% casein, overnight at 4'C. Plates were blocked for two hours at room 

temperature with 300 pi 1% casein in PBS. The p,ates were washed three times with PBS- 

Lu e „r of Tr ,C fraCti0n ^ PrSPared f ° r 23 indiV '" dUa ' dones aft - «» «-t and second 
round of selection, and allowed to bind to the we..s of the microtlter plate. Plates were 
washed six times with PBS-Tween. after which binding of VHH was detected by incubaTon 
wth mouse antl-Hlstidine monoclone, antibody Serotec MCA 1396 (1/1000 diiution) in PBS 
for hour at RT followed by anti-mouse-alkaline phosphatase conjugate 1/2000 in PBS also 
for 1 hour at RT. Staining was performed with the substrate PNPP (p-nitropheny^phosphate 
2 mg/ml In 1 M diethanolamlne, 1 mM Mg 2 S0 4 , pH 9.8) and the signals were measured after 
30 minutes at 405 nm. Results are summarized in Table 3 





First round 


Second round 


ELISA mouse serum albumin 


1/16 


15/16 


ELISA human serum albumin 


1/16 


15/16 


ELISA casein 


0/16 


0/16 



25 



Table 3. Results of biopannlng according to Example 6. 
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Example 7: Hinfl pattern and sequencing 

A PGR was performed on 16 colonies after the second round of panning, with a set of primers 
binding to a sequence in the vector. The PGR product was digested with the restriction 
enzyme Hinfl and loaded on a agarose gel. 3 clones were selected with a different Hinfl- 
pattern for further evaluation. Those clones were sequenced, and results are summarized in 
Figure 2 (MSA21 , MSA24, MSA210). 

Example 8: test cross-reactivity with albumin of different species 
A SDS-PAGE was run for plasma (1/10 dilution) from different species (baboon, pig, hamster 
human, rat. mouse and rabbit) and blotted on a nitrocellulose membrane. Phages were 
prepared for ciones MSA 21. MSA 24, MSA 210 and a irrelevant VHH as described in 
example 3. Phages were allowed to bind to the nitrocellulose blotted serum albumins and 
unbound phages were washed away. Binding was detected with a . anti-M13 polyclonal 
antibody coupled to HRP. DAP was used as a substrate for detection. Results are shown in 
Figure 3. 



25 



20 From these results we can conclude that all 4 binders are cross-reactive between pig human 
mouse and hamster serum albumin. MSA 21 is also cross-reactive with rabbit serum albumin.' 

Example 9: Expression and purification 

Plasmid was prepared for the binders and was transformed into WK6 electrocompetent cells 
A single colony was used to start an overnight culture in LB containing 2% glucose and 100 
ug/ml ampicillin. This overnight culture was diluted 100-fold in 300 pi TB medium containing 
100 pg/ml ampicillin, and incubated at 37'C until OD600nm= 0.5. 1 mM IPTG was added and 
the culture was incubated for 3 more hours at 37'C or overnight at 28'C. 
Cultures were centrifuged for 20 minutes at 10.000 rpm at 4*C. The pellet was froozen 
overnight or for 1 hour at -20'C. Next, the pellet was thawed at room temperature for 40 
minutes, re-suspended in 20 ml PBS and shaken on ice for 1 hour. Periplasm* fraction was 
isolated by conjugation for 20 minutes at 4'C at 20.000 rpm. The supernatant containing 
the VHH was loaded on Ni-IMTA and purified to homogeneity. 



30 
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Example 10; ELISAon purified VHH 

An ELISA was performed with the purified VHH as described In Example 6. VHH were 
applied in dilutions starting at a concentration of 2 jxM. VHH were tested for binding to MSA, 
5 HSA and PBS-1 % casein. No binding was observed for PBS-1 % casein. Results for HSA and 
MSA are summarized in Figures 4 and 5. 

Example 11: Making bispeclfic constructs 

10 Bispecific constructs were made as described in patent application number WO 96/34103. 
The middle hinge of llama was used as a linker between the VHHs. A VHH against TNF- 
alpha was cloned at the COOH terminal of MSA specific VHHs. Plasmid was prepared and 
was transformed into WK6 etectrocompetent cells. A single colony was used to start an 
overnight culture in LB containing 2% glucose and 100 ^g/ml ampicillin. This overnight culture 

15 was diluted 100-fold in 300 pi TB medium containing 100 mg/ml ampicillin, and incubated at 
37°C until OD600nm= 0.5. 1 mM lPTG was added and the culture was incubated for 3 more 
hours at 37*C. 

Cultures were centrifuged for 20 minutes at 10.000 rpm at 4*C. The pellet was froozen 
overnight at -20C. The next morning, the pellet was thawed in the cold room for 40 minutes, 
20 re-suspended in 20 ml PBS and shaken on ice for 1 hour. Periplasmic fraction was isolated 
by centrifugation for 20 minutes at 4*C at 10.000 rpm. The supernatant was loaded on Ni- 
NTA and purified to homogeneity. Sequences are shown in Figure 2 (MSA 21/TNF3E, MSA 
24/TNF3E, MSA 210/TNF3E). The hinge is underlined. 

25 Example 12: Testing bispecific construct in sandwich ELISA 

A microtiter plate was coated with 5 ng/m! MSA overnight at 4 C C. Plates were blocked for two 
hours at room temperature with 300 \i\ 1% casein in PBS. The plates were washed three 
times with PBS-Tween. Purified protein for the bispecific constructs was allowed to bind to 
the wells of the microtiterplate at a concentration of 2 jxg/ml. Plates were washed six times 

30 with PBS-Tween, Blotinilated TNF was added at a concentration of 10 jig/ml and diluted 3 
fold, and allowed to bind for 2 hours at room temperature. Binding was detected by incubation 
with mouse extravidin alkaline phosphatase conjugate (Sigma) 1/2000 in PBS, for 1 hour at 
RT. Staining was performed with the substrate PNPP (p-nitrophenyl-phosphate, 2 mg/ml in 
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1M diethanofamine. 1mM Mg 2 S0 4l P H9.8) and the signals were measured after 30 minutes at 
405 ran. Results are shown In Figure 6 and indicate that the bispecific construct can bind both 
antigens simultaneously. 



10 



15 



Example 13: Pharmacokinetics in mice 

Monova.ent and bispecific protein was administered as a bolus in mice at 0.5 mg/kg At 
different time points after administration, blocd samples were collected and the presence of 
monovalent cr bispecific protein was tested in ELISA as described in Example 8. 

Example 14: VHH directed against IgE 

Two llama's were immunized with Human IgE, Scripps laboratories, Cat nr. .0224 The 
following .mmunizaticn schemes were used according to Table 4. 



Day 


Llama 2 


Llama 4 


0 


100 |jg 


100 pg 


7 


100 pg 




14 


50 yg 




21 


50 jjg 


100 pg 


28 


50 pg 




35 


50 pg 




42 




50 pg 


70 




50 pg 



Table 4: Immunisation scheme 



Different sources for RNA extraction were used: 

- 150 ml immune blood, between 4 and 10 days after the last antigen injection 
20 - lymph node biopsy 4 days after the last antigen injection 

Peripheral blood lymphocytes (PBLs) were isolated by centrifugation on a density gradient 
<F col -Paque Plus Amersham Biosciences). PBLs and lymph node were used to extract total 
RNA (Chomczynski and Sacchi 1987) followed by synthesis of cDNA using a hexanucleotide 
random primer. The repertoire was amplified using two hinge-specific primers- 
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AACAGTTAAGCTTCCGCTTGCGGCCQCGQAGCTGGGGTCTTCGCTGTGGTGCG and 

aacagttaagcttccgcttgcggccgctggitgtggttttggtgtcttgggtt and a framework 1 
specific primer: 

gaggtbcarctgcaggastcygg. 



10 



Fragments were digested with Pstl and Not! and cloned into a phagemid vector The 
repertoire was transformed in TG1 eiectrocompetent cells and plated on LB agar plates 
containing 100 Og/ml ampicillin and 2% glucose. Colonies were screened for the presence of 
insert by PCR with vector specific primers. Results are summarized in Table 5- 





#days after last injection 


Source RNA 


Size of the library 


% insert 


LIama002 


4 


Lymph 


1.3 x 10' 


89 




4 


"PBL 


1.9x10' 


95 




10 


PBL 


1.1 x10* 


70 


Llama004 


4 


PBL 


1.7x10° 


96 




4 


Lymph 


4.9x10' 


>95 


Table 5. R 


10 

eSnltR nf cnrooninn — — 


PBL 


2.2x10 u 


>95 



15 



20 



Selections were done using chimaeric IgE instead of human IgE, used for immunization in 
order to select for VHH molecules directed against the constant region of IgE. The region 
interacting with the Fcereceptor is located in the constant part of IgE, more in particular in the 
re9i ° n by Ce2 . Cc3 . 

A first selection was performed using the pool of PBL day4, PBL dayl 0 and lymph node day4 
libraries for each of the two llama's. Chimaeric IgE was solid phase coated at 5 pg/ml and 0 5 
pg/ ml and specific phages were eluted using 0.1 M glycine pH = 2.5. 
The results obtained are shown in Table 6. 



S- 7-03; 16:31 ; DCS 



EPO Munchen 



; +329280234S 



# 1 S 33 



50 





5 pg/ ml 


0.5 pg/ ml 


0 pg/ ml (blank) 


Llama 2 

(pool PBL day4, PBLdaylO, lymph node day4) 


1.4 10 u 


2.7 10* 


1,5 10* 


Enrichment compared to blank 


400 x 






(Jama 4 

(pool PBL day4 t PBLdaylO, lymph node day4) 


3.3 10 H 


4.5 10° 


7.2 10* 


Enrichment compared to blank 


740 x 


6.25 x 





Table 6. Results of first ~ selection 



5 A second selection was performed using the rescued phages from the first selection using 5 • 
pg/ ml. Chimaeric IgE was solid phase coated at 1 pg/ml and specific phages were eluted 
using buffy coat cells or lysozyme for 1 nr. Buffy coat cells contain cells expressing the 
Fcereceptor, while lysozyme is an irrelevant protein and serves as a control. The results 
obtained are shown in Table 7: 





1 pg/ ml 


1 pg/ ml 


0 pg/ ml 


0 pg/ ml 




Elution buffy coat 
cells 


Elution 
Lysozyme 


Elution buffy coat 
cells 


Elution 
Lysozyme 


Llama 2 

(selection 5 pg/ ml IgE: 400 
x enrichment) 


1.2 10° 


1.210° 


6 10* 


310* 


Enrichment compared to 
lysozyme elution 


No enrichment 






2x 


Llama 4 

(selection 5 pg/ ml IgE: 140 
x enrichment) 


1,3 10° 


2 10' 


3 10 s 


3 10 d 


Enrichment compared to 
lysozyme elution 


6.5 X 




No enrichment 





Table 7. Results of second selection 



Another second round selection was performed using neutravidlne coated tubes and 2 nM 
biotinylated IgE. Specific phages were eluted using buffy coat cells or lysozyme for 1 nr. Buffy 



• 
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coat cells contain cells expressing the Fcereceptor, while lysozyme is an irrelevant protein 
and serves as a control. The results obtained are shown in Table 8: 





2 nM IgE 


2 nM IgE 


0 nM IgE 


0 nM IgE 




Elution buffy 
coat cells 


Elution 
Lysozyme 


Elution buffy 
coat cells 


Elution 
Lysozyme 


Llama 2 

(selection 5 pg/ ml IgE: 400 x 
enrichment) 


1.5 10" 


1.510' 


3 10 a 


310 J 


Enrichment compared to 
lysozyme elution 


10 x 








Llama 4 

(selection 5 pg/ ml IgE: 140 x 
enrichment) 


3.3 10' 


2.2 10' 


310* 


6 10 J 


Enrichment compared to 
lysoTyme elution 


1.5 x 









Table 8- Results of additional second round selection 



Individual clones obtained from the first round of selection were screened in an ELISA using 
solid phase coated human IgE or chimaeric IgE. The number of clones that score positive for 
binding to both human IgE and chimeric IgE versus the number of clones tested in ELISA are 
summarised in Table 9: . . . 





Selection with 5 ^g/ml 


Selection with 0.5 (ig/ml 


Llama 002 


39/47 


21/47 


Llama 004 


45/47 


46/47 



Table 9, Number of clones scoring positive for binding to both human IgE and chimeric IgE 
versus the number of clones tested in the ELISA 



Clones were picked which were positive for human and chimaeric IgE binding, amplified by 
PCR and digested with Hinfl. Hinfl profiles were determined on agarose gel and 
representative clones for different profiles were sequenced. The sequences obtained are 
shown in Figure 2, 
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Example 15: VHH directed against vWF - Immunization of llamas 

2 llamas were immunized with a cocktail of vWF, platelet receptor gplb, platelet receptor 
gpla/lla (a 2 l-doma?n) and collagen. The immunization schemes are summarized in Tables 10 
5 and 11. 



Llama002 

Day of Immunization 


vWF 


rgplb 


gpla/la 
aol-domain 


Collagen 


0 


100 ug 


40 ug 


40mS 


100 ug 


7 


100 ug 


40 ug 


40 ug 


100 ug 


14 


50 ug 


20 ug 


20|ig 


so ug 


21 


50 u9 


20 ug 


20 ug 


so ug 


28 


50 ug 


20 pg 


20 ug 


50 ug 


35 


50 ug 


20 ug 


20 ug 


so ug 



Table 10. Immunisation scheme according to Example 15 



10 



Llama004 

Day of immunization 


vWF 


rgplb 


gpla/la 
o^l-domatn 


Collagen 


0 


100 ug 


40 ug 


40 ug 


100 ug 


21 


100 ug 


40 ug 


40 ug 


100 ug 


42 


so ug 


20 pg 


20 ug 


50 ug 


70 


so ug 


20 ug 


20 ug 


50 ug 



Table 11. Immunisation scheme according to Example 15 



Example 16: VHH directed against vWF - Repertoire cloning 

Different sources for RNA extraction were used: 
15 - 150 ml immune blood, between 4 and 10 days after the last antigen injection 
- lymph node biopsy 4 days after the last antigen injection 

Peripheral blood lymphocytes (PBLs) were isolated by centrifugation on a density gradient 
(Ficoll-Paque Plus Amersham Biosciences). PBLs and lymph node were used to extract total 
RNA (Chomczynski and Sacchi 1987) followed by synthesis of cDNA using a hexanucleotide 

20 random primer. The repertoire was amplified using two hinge-specific primers: 
AACAGTTAAGCTTCCGCTTGCGGCCGCGGAGCTGGGGTCTTCGCTGTGGTGCG and 
AACAGTTAAGCTTCCGCTTGCGGCCGCTGGTTGTGGTTTTGGTGTCTTGGGTT and a 
framework 1 specific primer: GAGGTBCARCTGCAGGASTCYGG. Fragments were digested 
with Pstl and Notl and cloned into a phagemid vector. The repertoire was transformed in TG1 

25 electrocompetent cells and plated on LB agar plates containing 100 ug/ml amplcillin and 2% 
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glucose. Cdon.es were screened for «he presence of insert by PCR * vector specific 
primers. Results are summarised in Table 12. 



r 



I ffdays after last injection I Source rmT 



Llama004 



10 



Lymph 



PBL 



PBL 



PBL 



Lymph 



Size of the library I % ins ert 
1.3 X10 7 T89 ' 



1.9X 10 



1.1 x 10 9 



1.7x10 a 



4.9 x 10' 



95 



70 



>95 



Table 12. Results of screening according to Example 16. 



15 



20 



25 
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Exarnp,. 17= VHH d.rec1ed a g e.„s« vWF - Rescue of the , Ibn>Jy . phaao preparafio „ 

Libredes were grown at 37-C in 60 re, 2xTY med,um containing 2% glucose and loTao/m, 
arepicTOn. unci fhe ODSOOnm reached 0.5. M13KC7 phages ,1012, were a^d anata 

rr o r bated * 37,0 for 2 * 30 ** — — * — - - 

100 rem. Ce«s were centnfoged for 10 minutes e. 4500 rpm at reore temperature T« 
bacene, pelle. was resuspended in 300 m, o, 2xTY medium comaining 10 0 p,7m7a~ 
and 25 pg/m, Kanareycin. and Incubated overnight a. 30-C with vlgoreusly £ ng ~ 
fpm. The overnight cultures were oenWuged (or ,5 minutes al 10.000 rpm a, 4-c Ph^ 
ware PEG precipitated M po,y.e,hy,e„e-g,yco, end 1.5 M Nad, and oa^gad fo7 30 
remotes a. 10.000 rpm. The pe,,e, was resuspended in 20 re, PBS. Phages wT^ PE » 

i^Tml Pstt CenhMU9ed " m,nU,6S - ■W»n----«X Tha'pa^^ 
rn S m, PBS. Phages were fNreted by ,nfeo«on of TG1 ce„s a, OOOOOnm- 0.5 and plalino on 
U agar plates conning 100 pg/m, arepidlin and 2 % g ,uoosa. The number of trensfoTan" 
,nd,ca,es Ore number of phages (= pfo). The phages were stored al -80-0 vWth 15% g jcare! 

Example 18: VHH directed against VWF - Phage EUSA 

A microliter p,ale (Maxisorp) was coated overnight aM'C with PBS-1% cesein. 2 pg/m, vWF 
10 pg/m, gp,b or 25 pg/m, gpla/la domain In carbonate buffer containing 5 m M M g CU m 
coated overnight a. 4C w«h 1% casein am, 25pg/ml coilagan h PBS . The ptate was washed 

20™ Z T % 1Vreen20 ' and b,ocked ,or 2 h ° ure * ™ *~- * 

200 p, PBS-1% case,n. The plate was washed five times with PBS-Tween. Phages were 
prepared ae described above and applied fo the we„s in duplo dilutions. Plates were wasTed 
five hmes w,th PBS-Tween. Binding phages were detected wire a mouse an„- M ,3 con^d 
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with HRP diluted 1/2000 in PBS. The plates were washed five times with PBS-Tween. 
Staining was performed with ABTS/H202 and signals were measured after 30 minutes at 405 
nm. The results are presented in Figure 7. It is clear from the results that specific VHH are 
present in all libraries for all the different antigens. 

5 

Example 19: VHH directed against vWF - Selection 

Immunotubes were coated with 2 jig/ml vWF or with PBS containing 1% casein. After 
overnight incubation at 4*C, the tubes were blocked with PBS containing 1% casein, for 3 
hours at RT. 200 yd phages of the three libraries of Ilama002 were pooled and added to the 

10 immunotubes with a final volume of 2 ml in PBS. After 2 hours incubation at RT f the 
immunotubes were washed 10x with PBS-Tween and 10x with PBS. Bound phages were 
eluted with 2 ml 0.2 M glycin buffer pH= 2.4 or with 2 ml of a 100 ng/ml collagen solution. 
Elutions were performed for 20 minutes or 1 hour resp. at room temperature. Alternatively, 
200 jil phages of Ilama004 were added to the Immunotubes and bound phages were eluted 

15 with 100 jig/ml collagen solution. Eluted phages were allowed to infect exponentially growing 
TG1 cells, and were then plated on LB agar plates containing 100 pug/ml ampicilltn and 2% 
glucose. The results from the panning are presented in Table 13. 



llama 


Source RNA 


Elution conditions 


Pf u vWF 


Pfu casein 


Enrichment 


002 


Pool of the 3 libraries 


0.2 M qlycin, pH 2.4 


1.5x10' 


1 x 10* 


1.500 


002 


Pool of the 3 libraries 


100 ug/ml collagen 


4.5x10 8 


3.2x10* 


140 . 


004 


PBL day 4 


100 ug/ml collagen 


1.8 x 10 s 


250 


720 


004 


Lymph day 4 


100 ug/ml collagen 


3.6x10 a 


250 


1.440 



Table 13: Results of panning according to Example 19 



20 

Example 20: VHH directed against vWF - Screening 

Cloning A1 and A3 domain of vWF in p3AD-Qpri-ss 

The pBAD-Oprl-strep-spec vector was used to display the VWF A1 and A3 domains as a 
fusion with Oprl on the surface of UT5600 E.coli cells (F- ara-14 leuB6 azi-6 lacY1 proC14 
25 tsx-67 entA403 trpE38 rfbD1 rpsL109 xyl-5 mtM thil DompT fepC266) (Cote-Sierra et al f 
1998, Gene, 221: 25-34). The gene coding for the A1 domain of vWF (219aa) was amplified 
by PCR using the A1for and Alback PCR primers. The gene coding for the A3 domain of 
vWF (201 aa) was amplified by PCR using the A3for and A3back PCR primers. 
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Alton CCG GTG AGC CCC ACC ACT CTA AGC TTG GAG GAC ATC TCG GAA CCG 

A1 back: ccc cag ggt cga aac cct cta gag ccc cgg gcc cac agt gac 

A3for: CTG GTG CTG CAG AGG TGA AGC TTC GGA GAG GGG CTG CAG ATC 
A3faack:ATC CAT GCA AAT CCT CTA GAA TCC AGA GCA CAG TTT GTG GAG 

5 

Fragment and vector were digested with Hindi II and Xbal, ligated and transformed in UT5600 
(= pBAD-vWFA1/pBAD-vWFA3). Transformed cells were plated on LB agar plates containing 
20 pg/ml streptomycin, 50 pg/ml spectinomycin. 

10 The pBAD-vWFA1/pBAD-vWFA3 plasmids were transformed in UT5600 F- cells and plated 
on LB agar plates with 20 pg/mf streptomycin, 50 pg/ml spectinomycin. A single colony was 
used to inoculate LB medium with 20 pg/ml streptomycin, 50 pg/m) spectinomycin. Cells were 
grown overnight at 37°C at 200 rpm. The next day, cells were induced with 0.2% arabinose 
and incubated for 1 more hour at 37°C at 150 rpm. Total cell lysates were boiled in reducing 

15 sample buffer, loaded on a 12% SDS-PAGE and transferred to nitrocellulose for Western 
blotting. Transferred proteins were detected using a monoclonal anti-Oprl antibody (SH2.2) 
(Cote-Sierra et al, 1998, Gene, 221: 25-34). An anti-mouse IgG conjugated with alkaline 
phosphatase was applied (Sigma), and the blots were developed with BCIP/NBT (figure 8). 

20 ELISA: binding of phage expressing VHH to g. co// cells expressing the A1 or A3 domain on 
their surface. 

The pBAD-vWFA1/pBAD-vWFA3 pfasmlds were transformed in UT5600 F- ceils and plated 
on LB agar plates with 20 pg/ml streptomycin, 50 pg/ml spectinomycin. A single colony was 
used to inoculate LB medium with 20 pg/ml streptomycin, 50 pg/ml spectinomycin. Cells were 

25 grown overnight at 37°C at 200 rpm. The next day, celis were Induced with 0.2% arabinose 
and incubated for 1 more hour at 37°C at 150 rpm. A microliter plate was coated overnight at 
4"C with the monoclonal anti-Oprl antibody (SH2.2) diluted 1/1000 in PBS. After induction, 
total cells were allowed to bind to the plate for 1 hour at room temperature. The plates were 
washed five times with PBS-Tween. Phage preparations of single colonies were allowed to 

30 bind for two hours at room temperature. The plates were washed five times with PBS-Tween. 
An anti-M13 HRP conjugate was used for detection of phage binding to B. coif ceils 
expressing the A1 or A3 domain on their surface. The plates were washed five times with 
PBS-Tween. Staining was performed with ABTS/H202 and signals were measured after 30 
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minutes at 405 nm, The number of positive clones for each phage preparation is presented in 
Table 14. A1 or A3 specific binders were sequenced. Sequenced results revealed the 
presence of 5 different binders for the A1 domain of vWF isolated from llama 002, 1 specifc 
binder for the A3 domain of the vWF from llama 002 (C37) and from llama 004 (T76). The 
5 results of sequencing some A1 or A3 binders is given in Figure 9. 

ELISA: binding to vWF 

A microtiter plate was coated with 2 ng/ml vWF, overnight at 4'C. Plates were blocked for two 
hours at room temperature with 300 u.l 1% casein In PBS. The plates were washed three 

10 times with PBS-Tween. Dilution series (150 ug/ml to 0.28 ng/ml, dilution factor three) of all 
purified samples were incubated for 2 hours at RT. Plates were washed six times with PBS- 
Tween, after which binding of VHH was detected by incubation with mouse antJ-Histfdine 
mAB 1/1000 in PBS for 1 hour at RT followed by anti-mouse-alkaline phosphatase conjugate 
1/2000 in PBS, also for 1 hour at RT. Staining was performed with the substrate PUPP (p- 

15 nitrophenyi-phosphate, 2 mg/ml in 1M diethanolamine, 1mM MgzSO^ pH9.8) and the signals 
were measured after 30 minutes at 405 nm. The number of positive clones for each selection 
is presented in Table 14, and the binding as a function of concentration of purified C37, A50 
and A38 is indicated in Figure 10. 



llama 


Elution 
Buffer 


No. clones +ve for 
vWF / No. tested 


No. clones +ve for 
A1/No. tested 


No. clones +ve for 
A3 / No. tested 


002 


0.2M glycine, 
PH2.4 


344/380 


5/570 


2/380 


002 


100 A*g/ml 
collagen 


356/380 


0/380 


3/380 


004 


100 //g/mi 
collagen 




0/96 


1/96 


004 


100 //g/ml 
collagen 




0/96 


7/96 



20 Table 14: Number of positive clones for each phage in the ELISAs of Example 20 



Example 21: VHH directed against vWF - Functional characterization of A1 or A3 
binders: Inhibition of binding of vWF to collagen by VHH 
25 A microtiter plate was coated overnight at 4'C with collagen type Vlll at 25 ug/ml in PBS. The 
plate was washed five times with PBS-tween and blocked for 2 hours at room temperature 
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with PBS containing 1% casein. The plate was washed five times with PBS-tween. 60 }i\ 
plasma containing vWF (1/20 dilution in PBS-0.1% casein (plasma is incubated at 37'C for 15 
minutes)) was mixed with 60 jxl periplasmlc extract containing a VHH antibody for testing and 
incubated for 30 minutes at room temperature. 60 //I of this mixture was applied to a well 
coated with collagen, and incubated for 90 minutes at room temperature. The plate was 
washed five times with PBS-tween. An anti-vWF-HRP monoclonal antibody was diluted 
3,000-fold in PBS and incubated for 1 hour. The plate was washed five times with PBS-tween 
and vWF-binding was detected with ABTS/H202. Signals were measured after 30 minutes at 
405 nm. The results presented in Figure 11, demonstrates that C37 specifically competes - 
with collagen for binding to vWF. A50 here is a negative control. 

Example 22: VHH directed against vWF - Functional characterization of A1 or A3 
binders: inhibition of binding of vWF to the platelet receptor gplb 

A microtrter plate was coated overnight at 4 m C with an antibody specific for platelet receptor 
gplb at 5|ig/ml in PBS. The plate was washed five times with PBS-Tween, and blocked with 
300 \x\ PBS-1% casein for 2 hours at room temperature. The plate was washed 3 times with 
PBS-Tween. Platelet receptor gplb (gplb) was applied to the wells of the microtiter plate at a 
concentration of 1 pg/ml and allowed to bind for 2 hours at room temperature. The plate was 
washed five times with PBS-Tween. Plasma containing vWF was pre-incubated at a dilution 
of 1/128 at 37*C for 5 minutes. Risto was added at a final concentration of 760 pg/ml and 
VHH. This mixture was incubated for 30 minutes at room temperature. 100 pi of this mixture 
was then applied to a microliter plate well and incubated for 90 minutes at room temperature. 
The plate was washed five times with PBS-Tween. A anti-vWF-HRP monoclonal antibody 
was diluted 3.000-fold in PBS and incubated for 1 hour. The plate was washed five times with 
PBS-tween and vWF-binding was detected with ABTS/H202. Signals were measured after 
30 minutes at 405 nm. The results presented in Figure 12, demonstrate that A38 and A50 
specifically competes with platelet receptor gplb for binding to vWF. 

Example 23: VHH directed against vWF - Epitope mapping 

A library of fragments of vWF was prepared in pBAD-Oprl-ss. Therefore, the gene coding 
from aa 1371 to aa 1985 (A1-A2-A3 domain of vWF) was amplified by PCR and digested with 
decreasing concentrations of DNAse (see Figure 13). Fragments were amplified with DNAse 



primer (AAGCTT(C)1 7) and Xbal primer (TCTAGA(C)17). Fragment and vector were 
digested with Hindlll and Xbal, ligated and transformed in UT5600 E.co// cells. Transformed 
cells were plated on LB agar plates containing 20 pg/ml streptomycin, 50 pg/ml 
spectinomycin. The size of the libraries varies between 4 to20 x 1 04 cfu. Single colonies were 
5 grown in 96-well plates and captured on SH2.2-coated ELISA plates. Phages were prepared 
for a A3 specific VHH (C37) and binding to the Oprl fusion expressed DNAse digested vWF 
fragments was analyzed as described above for A1 and A3. The results indicate the epitope 
mapped by C37. 

10 Example 24: VHH directed against vWF • Expression and purification of VHH 

Plasmid was prepared for specific A1 or A3 binders and transformed into WK6 
electrocompetent cells. A single colony was used to start an overnight culture in LB 
containing 2% glucose and 100 \xg/n\l ampicillin. This overnight culture was diluted 100-fold in 
300 |il TB medium containing 100 mg/ml ampicillin, and incubated at 37*C until OD600nm= 

15 0.5. 1 mM IPTG was added and the culture was incubated overnight at 30"C. 

Overnight cultures were centrifuged for 20 minutes at 10.000 rprrrat 4°C. The pellet was 
resuspended in 10 ml TES (0.2 M Tris-HCI, 0.5 mM EDTA, 0.5 M sucrose. pH= 8.0) and 
incubated on ice for 2Q minutes. 15 ml TES/4 was added and the mixture was incqbated for 
30 minutes at 4'C. Periplasmic fraction was isolated by centrifugation for 20 minutes at 4"C at 
20 1 0.000 rpm. The supernatant containing the VHH was loaded on Ni-NTA and purified to 
homogeneity. The yield of VHH was calculated according to the extinction coefficient. The 
results are presented in Table 15. 



VHH code name 


Epitope 


Extinction 
coefficient 


Yield (mg pure 
VHH / liter culture) 


A50 


A1 


1.275 


5.7 


A38 


A1 


1.671 


1.4 


C37 


A3 


1.907 


3.3 


Table 15: Yield ofVH 


H according to Examp 


e24 



Example 25: Stability of VHH at 37'C 

VHH C37 was incubated at 37°C and binding activity for vWF was measured at different time 
points by ELISA as described above. Results were compared to VHH stored at 
30 -20 W C and are presented in Figure 14. 
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VHH C37 was incubated at 37"C for up to 194 hours and its activity was measured at certain 
time points. The results are presented in Figure 15. Shown for comparison are the activities 
of a scFv against B3 antigen (Reiter et al, Protein Engineering, 1994, 7: 697-704), and said 
5 scFv modified by the introduction of a disulphide bond between framework residues 44 and 
105 to enhance its stability (dsFv), after incubation at 37"C. The results indicate that C37 lost 
no activity, even after 194 hours at 37 °C, while dsFv lost 40% of its activity after 60 hours 
incubation at 37° C. 

10 Example 26: Experiments to test the polypeptides of the present invention in animal 
models 

The effects of polypeptides represented by SEQ ID NOs: 40 to 42, homologous sequences 
thereof and functional portions thereof upon platelet-mediated aggregation are being tested 
using an animal model. Polypeptides are being tested using the methods described in PCT 
1 5 application number WO 02/051351 A2. 
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Claims 

1 . A polypeptide construct comprising: 

- one or more single domain antibodies each directed against one or more therapeutic and/or 
5 diagnostic targets, and 

- one or more single domain antibodies each directed against one or more serum proteins. 

2. A polypeptide construct according to claim 1 directed against a single target wherein said 
anti-target single domain antibodies do not share the same sequence. 

10 

3. A polypeptide construct according to claims 1 and 2 directed against a single serum protein 
wherein said anti-serum protein single domain antibodies do not share the same sequence. 

4. A polypeptide construct according to any of claims 1 to 3 wherein said single domain 
15 antibodies are Camelidae VHHs antibodies. 

5. A polypeptide construct according to any of claims 1 to 4 wherein said one or more serum 
protein are any of serum albumin, serum immunoglobulins, thyroxine-binding protein, 
transferring, or fibrinogen or a fragment thereof. 

20 

6. A polypeptide construct according to claim 1 to 5 wherein said one or more single domain 
anti-serum protein antibodies correspond to one ot more sequences represented by any of 
SEQ ID NOs: 1 to 3. 

25 7. A polypeptide construct according to any of claims 1 to 6 directed against a single target, 
wherein said target is Tumour Necrosis Factor-alpha. 

8. A polypeptide construct according to claim 7 wherein said one or more single domain anti- 
target antibodies correspond to one or more sequences represented by any of SEQ ID NOs: 

30 17 to 29. 

9. A polypeptide construct according to claim 7 corresponding to the sequence represented 
by any of SEQ ID NO: 4 to 6. 
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10. A polypeptide construct according to any of claims 7 to 10, wherein said polypeptide 
construct is a homologous sequence of said polypeptide construct, a functional portion 
thereof, of an homologous sequence of a functional portion thereof. 

5 

1 1 . A nucleic acid encoding a polypeptide construct according to any of claims 7 to 1 0. 

12. A polypeptide construct according to any of claims 7 to 10, or a nucleic acid according to 
claim 11 for use in the treatment, prevention and/or alleviation of disorders relating to 

10 inflammatory processes. 

13. Use of a polypeptide construct according to any of claims 7 to 10, or a nucleic acid 
according to claim 11 for the preparation of a medicament for the treatment, prevention 
and/or afleviation of disorders relating to inflammatory processes. 

15 

14. A polypeptide construct or nucleic acid according to claim 12 or a use of a polypeptide 
construct according to claim 13 wherein said disorders are any of rheumatoid arthritis, 
Crohn's disease, ulcerative colitis and multiple sclerosis. 

20 15. A polypeptide construct or nucleic acid according to claims 12 and 14 or a use of a 
polypeptide construct according to claim 13 and 14 wherein said polypeptide construct is 
administered intravenously, orally, sublingualis topically, nasally, vaginally, rectally or by 
inhalation. 

25 16. A polypeptide construct according to any of claims 1 to 6 directed against a single target 
wherein said target is vWF 

17. A polypeptide construct according to claims 1 to 6 directed against a single target wherein 
said target is collagen. 

30 

18. A polypeptide construct according to claim 16 wherein said one or more anti-target single 
domain antibodies correspond to one or more sequences represented by any of SEQ ID 
NOs: 30 to 39. 
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19. A polypeptide construct according to claim 16 corresponding to the sequence represented 
by any of SEQ ID NOs: 40 to 42. 

5 20. A polypeptide construct according to any of claims 16 to 19, wherein said polypeptide 
construct is a homologous sequence of said polypeptide construct, a functional portion 
thereof, of an homologous sequence of a functional portion thereof. 

21. A nucleic acid encoding a polypeptide construct according to any of claims 16 to 20. 

10 

22. A polypeptide construct according to any of claims 16 to 20, or a nucleic acid according to 
claim 16 for use in the treatment, prevention and/or alleviation of disorders or conditions 
relating to platelet-mediated aggregation or dysfunction thereof. 

15 23. Use of a polypeptide construct according to any of claims 16 to 20, or a nucleic acid 
according to claim 16 for the preparation of a medicament for the treatment, prevention 
and/or alleviation of disorders or conditions relating to platelet-mediated aggregation or 
dysfunction thereof. 

20 24. A polypeptide construct or nucleic acid according to claim 22 or a use of a polypeptide 
construct or nucleic acid according to claim 23 wherein said disorders are any of cerebral 
ischemic attack, unstable angina pectoris, cerebral infarction, myocardial infarction, 
peripheral arterial occlusive disease, restenosis, and said conditions are those arising from 
coronary by-pass graft, or coronary artery valve replacement and coronary interventions such 

25 angioplasty, stenting, or atherectomy. 

25. A polypeptide construct or nucleic acid according to claims 22 and 24 or a use of a 
polypeptide construct according to claim 23 and 24 wherein said polypeptide construct is 
administered intravenously, orally, sublingual^, topically, nasally, vaginally, rectally or by 

30 inhalation. 

26. A polypeptide construct according to any of claims 1 to 6 directed against a single target 
wherein said target is IgE. 
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27. A polypeptide construct according to claim 26 wherein said one or more anti-target single 
domain antibodies correspond to one or more sequences represented by any of SEQ ID 
NOs:7to16. 

5 

28. A polypeptide construct according to claim 26 corresponding to the sequence represented 
by any of SEQ ID NOs: 43 to 45. 

29. A polypeptide construct according to any of claims 26 to 28, wherein said polypeptide 
10 construct is a homologous sequence of said polypeptide construct, a functional portion 

thereof, of an homologous sequence of a functional portion thereof. 

30. A nucleic acid encoding a polypeptide construct according to any of claims 26 to 29. 

15 31 . A polypeptide construct according to any of claims 26 to 29, or a nucleic acid according to 
claim 30 for use in the treatment, prevention and/or alleviation of disorders or conditions 
relating to allergic reactions. 

32. Use of a polypeptide construct according to any of claims 26 to 29, or a nucleic acid 
20 according to claim 16 for the preparation of a medicament for the treatment, prevention 

and/or alleviation of disorders or conditions relating to allergic reactions. 

33. A polypeptide construct or nucleic acid according to claim 31 or a use of a polypeptide 
construct or nucleic acid according to claim 32 wherein said disorders are any of hay fever, 

25 asthma, atopic dermatitis, allergic skin reactions, allergic eye reactions and food allergies. 

34. A polypeptide construct or nucleic acid according to claims 31 and 33 or a use of a 
polypeptide construct according to claim 32 and 33 wherein said polypeptide construct is 
administered intravenously, orally, sublingualis topically, nasally, vaginally, rectally or by 

30 inhalation. 

35. A polypeptide construct according to any of claims 1 to 6 directed against a single target 
wherein said target is IFN-gamma . 
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36. A polypeptide construct according to claim 35 wherein said anti-target single domain 
antibodies are antMFN-gamma VHHs. 

37. A polypeptide construct according to claim 35 wherein said anti-target single domain 
5 antibodies and said anti-serum protein antibodies are both VHHs . 

38. A polypeptide construct according to. any of claims 35 to 37, wherein said polypeptide 
construct is a homologous sequence of said polypeptide construct, a functional portion 
thereof, of an homologous sequence of a functional portion thereof. 

10 

39. A nucleic acid encoding a polypeptide construct according to any of claims 35 to 38. 

40. A polypeptide construct according to any of claims 35 to 38, or a nucleic acid according to 
claim 39 for use in the treatment, prevention and/or alleviation of disorders or conditions 

15 wherein the immune system Is oven-active. 

41. Use of a polypeptide construct according to any of claims 35 to 38, or a nucleic acid 
according to claim 39 for the preparation of a medicament for the treatment, prevention 
and/or alleviation of disorders or conditions wherein the immune system is over-active. 

20 

42. A polypeptide construct or nucleic acid according to claim 40 or a use of a polypeptide 
construct or nucleic acid according to claim 41 wherein said disorders are any of Crohn's 
disease, autoimmune disorders and organ plant rejection in addition inflammatory disorders 
such as rheumatoid arthritis, Crohn's disease, ulcerative colitis and multiple sclerosis. 

25 

43. A polypeptide construct or nucleic acid according to claims 40 and 42 or a use of a 
polypeptide construct according to claim 41 and 42 wherein said polypeptide construct is 
administered intravenously, orally, sublingualis topically, nasally, vaginally, rectally or by 
inhalation. 

30 

44. A composition comprising a polypeptide construct according to any of claims 7 to 10, 12, 
14 and 15, or a nucleic acid encoding said polypeptide construct and a pharmaceutical^ 
acceptable vehicle. 
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45. A composition comprising a polypeptide construct according to any of claims 16 to 20, 22, 
24 and 25, or a nucleic acid encoding said polypeptide construct and a pharmaceutically 
acceptable vehicle. 

5 

46. A composition comprising a polypeptide construct according to any of claims 26 to 29, 31 f 
33 and 34, or a nucleic acid encoding said polypeptide construct and a pharmaceutically 
acceptable vehicle. 

10 47. A polypeptide construct according to any of claims 1 to 6 directed against a single target 
wherein said target is involved in a disease process. 

48. A polypeptide construct according to claim 47, wherein said polypeptide construct is a 
homologous sequence of said polypeptide construct, a functional portion thereof, of an 

1 5 homologous sequence of a functional portion thereof. 

49. A nucleic acid encoding a polypeptide construct according to claims 47 and 48. 

50. A polypeptide construct according to claims 47 and 48, or a nucleic acid according to 
20 claim 49 for use in the treatment, prevention and/or alleviation of disorders or conditions in 

which the target is involved. 

51. Use of a polypeptide construct according to any of claims 47 and 48, or a nucleic acid 
according to claim 49 for the preparation of a medicament for the treatment, prevention 

25 and/or alleviation of disorders or conditions in which the target is involved. 

52. A polypeptide construct according to claims 48 and 50, or a nucleic acid according to 
claim 49 for use in treating, preventing and/or alleviating the symptoms of a disease requiring 
a therapeutic or diagnostic compound which is not rapidly cleared from the circulation. 

30 

53. Use of a polypeptide construct according to any of claims 48 and 50, or a nucleic acid 
according to claim 49 for the preparation of a medicament for treating, preventing and/or 
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alleviating the symptoms of a disease requiring a therapeutic or diagnostic compound which 
is not rapidly cleared from the circulation. 



54. A polypeptide construct according to any of claims 48 and 50, or a nucleic acid according 
5 to claim 49 for use in treating, preventing and/or alleviating the symptoms of a disease 

requiring a therapeutic or diagnostic compound which remains active in the circulation for 
extended periods of time. 

55. Use of a polypeptide construct according to any of claims 48 and 50, or a nucleic acid 
10 according to claim 49 for the preparation of a medicament for treating; preventing and/or 

alleviating the symptoms of a disease requiring a therapeutic or diagnostic compound which 
Is remains active in the circulation for extended periods of time. 

56. A polypeptide construct or nucleic acid according to any of claims 50, 52, 54, or use of a 
15 polypeptide construct or nucleic acid according to any of claims 51, 52, 53, 55, wherein said 

polypeptide construct is administered intravenously, orally, subfingually, topically, nasally, 
vaginally, rectally or by inhalation. 

57. A composition comprising a polypeptide construct according to any of claims 47, 48, 50, 
20 52, 54 and 56, or a nucleic acid according to any of claims 49, 50, 52, 54 and 56 and a 

pharmaceutically acceptable vehicle. 

58. A method of producing a polypeptide according to any of claims 1 to 10, 16 to 20 , 26 to 
29, 47 and 48 comprising 

25 (a) culturing host cells comprising nucleic acid capable of encoding a polypeptide 

according to any of claims 1 to 10, 16 to 20 , 26 to 29, 47 and 48, under conditions 
allowing the expression of the polypeptide, and, 
(b) recovering the produced polypeptide from the culture. 

30 59. A method according to claim 58, wherein said host cells are bacterial or yeast 
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60. A method for prolonging the half-life of a single domain antibody in the blood steam of a 
subject, said antibody directed against a therapeutic and/or diagnostic target by joining 
thereto one or more single domain antibodies each directed against a serum protein. 

5 61. A method according to claim 60 wherein said anti-target single domain antibodies do not 
share the same sequence. 

62. A method according to claim 60 wherein said anti-serum protein single domain antibodies 
do not share the same sequence. 



10 



15 



63. A method according to claim 60 wherein said single domain antibodies are Camelidae 
VHHs antibodies. 

64. A method according to any of claims 60 to 63 wherein said serum protein is any of serum 
albumin, serum immunoglobulins, thyroxine-blnding protein, transferring, or fibrinogen or a 
fragment thereof. 



66. A method according to any of claims 60 to 64 wherein said serum protein comprises a 
sequence corresponding to any of SEQ ID NOs: 1 to 3, a homologous sequence, a functional 
20 portion thereof, or a homologous sequence of a functional portion thereof. 

66. A composition comprising a polypeptide according to any of claims 1 to 6 or a nucleic acid 
capable of encoding said polypeptide and a pharmaceutically acceptable vehicle. 
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ABSTRACT 

The present invention relates to heterospecific polypeptide constructs comprising one or 
5 more single domain antibodies each directed against a therapeutic and/or diagnostic target 
and one or more single domain antibodies each directed against a serum protein, said 
construct having a prolonged lifetime in biological circulatory systems. The invention further 
relates to methods for stabilising VHHs in biological circulatory systems. 
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SEQ ID 
NO 


NAME 


SEQUENCE 






Anti-mouse serum albumin 


1 


MSA 21 


QVQIiQESGGGLVQPGGSLRIiSCBASGFTFSRFGMTWVRQAPGKGVEW 

VSGISSLGDSTLYADSVKGRFTISRDNAKN^ 

YCTIGGSIiNPGGQGTQVTVSS 


2 


MSA 24 


QVQLQESGGGLVQPGNSLRIjSC^ASGFTFR^^ 

vssisgsgsntiyadsvkdrftisrdnakstlylqmnslkpedtavy 
yctiggsiisrssqgtqvtvss 




M<?A 910 

IVIOM c. 1 U 


OVOLOESGGGIiVOP GGSLRLTCTASGFTFS SFGMSWVROAPGKGLEW 
VSAIS SDSGTKN YADSVKGRFTI SRDNAKKMLFLQMNSLRPEDTAVY 
YCVIGRGSPSSQGTQVTVSS 






Anti-mouse serum albumin/anti-TNF-alpha 


4 


MSA21/TNF3E 


QVQIiQE SGGGLVQPGGSLRLS CEASGFTFSRFGMTWVRQAPGKGVEW 
VSGI S SIiGDSTL YADSVKGRFTI SRDNAKNTIiYLQMNSLKPEDTAVY 
YCTI GGSIjKTPGGQGTQVTVS SEPKTPKP QPAAAQVQLQESGGGLVQP 
GGSLRLSCAASGRTFSDHSGYTYTIGWFRQAPGKEREFVARIYWSSG 
NTYYADSVKGRFAI SRD IAKNTVDIiTMNNLEPEDTAVYYCAARDGI P 
TSRSVESYNYWGQGTQVTVSS 


5 


MSA24/TNF3E 


QVQIiQESGGGLVQPGNSIiRLiS CAASGFTFRNFGMSWVRQAPGKEPEW 
VSS ISGSGSNTI YADSVKDRFTI SRBNAKSTIiYIjQMMSIiKPEDTAVY 
YCTIGGSLSRSSQGTQVTVSSEPKTPKPQPAAAQVQLQESGGGIiVQP 
GGSIjRLS CAASGRTFSDHSGYTYTIGWFRQAPGKEREFVARI YWS SG 
NTYYADSVKGRFAI SRD IAKNTVDI1TMNNI1EPEDTAVYYCAARDGIP 
TSRSVESYNYWGQGTQVTVSS 


6 


MSA 

21G/TNF3E 


QVQIiQESGGGLVQPGGSIiRIiTCTASGFTFSSFGMSWVRQAPGKGLEW 
VSAI SSDS GTKNYADS VKGRFTISRDNAKKMLFLQMKTSIjRPEDTAVY 

ycvtgrgs p s s qgtqvtvs s epktpkpqpaaaqvqtiqesggglvqpg 
gslrIiScaasgrtfsdhsgytytigwfrqapgkerefvariywssgn 

TYYADSVKGRFAXSRDIAKl^mriTMNNL 
SRSVESYNYWGQGTQVTVSS 



Fig. 2 
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Anti-lgE 


7 


EV 2C3 


Q VQIjQDSGGoIj V QFGGSIiKIjS UKAoVjKI FRINAWGW YRQAPGKt>KliIj 
VATITSTGSTNPADSVKGRFTIYRDGAKRTVDLRLWSrjKPEDTAVYF 
CNADVREYDIjGPWRQYWGQGTQVTVS s 


8 


EV 2C1 


QVQLQESGGGLVQPGDSLRLSCWSGRTIiSYSSIiAWFRQAPGKERDF 

VAALSLTTYYADSVKGRFTISRDNAKNTV 

TARTRTDYAPIiLSAASTYDAWGQGTQVTVSIi 


9 


EV2H3 


QVQIjQESGGGLVQAGGSIjRLSCAASGRSSRYYAMGWFRQGPGKEREF 
VAAVNWNGD STYYAD SVKGRFTI S RGNAENTAYIjQMNSIiVPEDTAVY 
YC&MRMNAGLGYSAASYQYWGQGTQVTVSIj 


10 


EV2D12 


QVQLQESGGGLVQAGDSIiRIjSCAASGLTF^^ 

VGAIDWSGRRITYTDS VKGRFTI SRDNAKNTVYLQMNTLKPEDT^ 
YCAADRTYS YS STGYYYWGQGTQVTVS S 


n 


tv ixA 


r\\7r\T r\n cpp pt .Trna r*n qt t . cpa a grar.rp'gT ."ctnTfrffTV rxrup ohptj r*v pp t?u* 
yvyij^/L) oVjjLarLarlj v UAvrJJo IiiCuo LAAobii X r Jj Ultl V i*Lft.W ±* KX^ X Jr ksrixifixvCii? 

VGAIDWSGRRI TYTD S VKGRFTISRDNABCNTVYIjQMNTTiKPEDTAVY 
YCAADRTYS YS STGYYYWGQ.GTQVTVSS 


12 


EV4C5 


QVQLQESGGGIiVQAGGSLRLSCAASGRTIiSSYTMAWFRQAPGKEREF • 
VASISSSGISTYYADSVKGRFTISRDIAKNTVYL 
YCAAKYRYYSTLYTKS GEYDYWGQGTQVTVSS 


13 


EV4A2 


QVQIiQDSGGGIiVQAGGSLRIjSCEASGRTISSYAMAWFRQAPGKEREF 
VAS I S S S GVS KHYAD SVKGRFTI SND KVKNTVYLQMlsIS LKPEDTAVY 
FCAAKYRYYSSYYTKSGDYDYWGQGTQVTVSS 


14 


EV2D4 


QVQIiQESGGGLVQAGGSLRLSCAASGIiTFSTYAMGWFRQl^PGKEREF 
VAAVS YSGS YYAD SVKGRFTI SRDNAKNTVYIiQMASIiKPEDTAVYYC 
AARNRGYSTYAGVYD YWGQGTQVTVS S 


15 


EV2B6 


QVQLQDSGGGIjVQAGGSIiRLSCAASGVTFSSYAMGWFRQAPGKEREF 
VAS IT WIGGGTYYAD S VKGRFT I SRDHAGNTVYLQMNTIjKPDDTAVY 

ycaldrrsstyylmkgeydyrgrgtqvtvss 


16 


EV2H11 


qvqlqesggglvqaggslrlscaasgvtfssyamgwfrqapgkeref 
vasitwtgtgtyyadsvkgrftisrdhagttvylqmnslkpedtavy 
ycavdrrs styylmkgeydyrgrgtqvtvs s 



Fig. 2 
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Antt-TNF-alpha 


17 


VHH#1 


QVQLQESGGGLVQPGGSLRIiSCATSGFDFSVSWMYWVRQAPGKGLEW 
VSB INTNGLITKYVDSVKGRFT ISRDNAKNTLYIiQMDSIilPEDTALy 
YCARS P S GS FRGQGTQVTVS S 


18 


VHH#9 


QVQLQES GGGLVQPGGSIiRLi SCAAS GS IFRVNAMGWYRQVPGNQREF 
VAI I T SGDNXJSTiTAD AVKGRFTI S TDNVKKTVYL QMNVXjKPEDTAVYY 
CNAILQTSRWS IPSNYWGQGTQVTVSS 


19 


VHH#13 


QVQLQE SGGGIiVQPGGSLRLS CATSGFTF SD YWMYWVRQAPGKGLEW 
VSTVNTNGIiITRYADS VKGRFTI SRDNAKYTLYLQMNSIjKS EDTAVY 
YCTKVVPPYSDDSRTNADWGQGTQVTVSS 


20 


VHH#2 


QVQIjQESGGGIjVQPGGSIiRIiS CAASGRTFSDHS GYTYTIGWFRQAPGK 
EREFVARIYWSSGNTYYADSVKGRFAISRDIAKNTVDIiTMNNLEPEDT 
AVYYCAARDGIPTSRSVESYNYWGQGTQVTVSS 


21 


VHH#3 


QVQLQDSGGGIiVQAGGSLRIiSCAVSGRTFSAHSVYTMGWFRQAPGKER 

EFVARIYWSSANTYYADSVKGRFTISRDKTAKim^ 

YYCAARDGI PTSRTVGS YNYWGQGTQVTVS S 


22 


VHH#4 


QVQLQE SGGGIiVQPGGSIiRL S CAASGS I FRVNAMGWYRQVPGNQREF V 
AI ITS SDTNDTTNYADAVKGRFTX STDNVKKTVYIiQMNVLKPEDTAVY 
YO^VLQTSRWSIPSNYWGQGTQVTVSS 


23 


VHH#5 


QVQIjQDSGGGIjVQAGGSIjRIjS CTTS GRTISVYAMGWFRQAPGKEREFV 
AS ISGSGAITPYADSVKGRFTISRDNAKNTVYIiQMNSIjNPEDTAVYYC 
AASRYARYEDVHAYDYWGQGTQVTVSS 




vnnffo 


ATIS WNGEHTYYADSVKGRYTI SRDNAKNTVYLQMGSLKPEDTAVYYC 
AARSFWGYNVEQRDFGSWGQGTPVTVS S 


25 


VHH#7 


QVQIjQESGGGLVQPGGSLRLS CAASGS IFRVNAMGWlfRQVP gnqre fv 
AI I TNDTTNYADAVKGRFTI STDNVKKTVYLQMNVLKPEDTAVYYCNT 
VXiQTSRWKriPTNYWGQGTQVTVSS 


26 


VHH#8 


QVQIiQESGGGLVQPGGSIiRIiS CAAS GS IFRVNAMGWYRQVPGNQREFV 
AIISGDTTNYADAVKGRFTI STDNVKKTVYLQMWIjESEDTAVYYCNA 
VLQTSRWSIPSNYWGQGTQVTVSS 


27 


VHH#10 


QVQLQDSGGGLVQPGGSIjRIiACVASGS I FS IDVMGW YRQAP GQQREIiV 

ATITNSVm?NYADSVKGRFTISRDNAK^ 

ARRWYQPEAWGQGTQVTVSS 


28 


VHH#11 


QVQIiQDSGGGLVQPGGSIjRLS CAASGFTFSTHWMYWVRQAPGKGLEWV 
ST INTNGIilTD YIHSVKGRFT I SRDNAKNTLYLQMNSIiKS EDTAVYYC 
AIiNQAGIiSRGQGTQVTVS S 


29 


VHH#12 


QVQLQESGGGLVQAGGSLRLSCAASRRTFS GYAMGWFRQAP GKEREFV 
AWSGTGTIAYYADSVKGRFTISRDNAENTVYLQMNSIiKPEDTGLYYC 
AVGPSSSRWYYRGASLVDYWGKGTLVTVSS 



Fig. 2 
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Anti-vWF 


30 


C37 


QVQLQES GGGLVQPGGSLRLS CAASGFNFNWYPMSWVRQAPGKGI.EW 
VSTISTYGEPRYADSVKGRFTISRDNANNTIfYLQMNTSLRPEDTAVYY 
CARGAGTSSYLPQRGNWDQGTQVTISS 


31 


T76 


QVQLQESGGGLVQPGESLRLSCAASGSIFSIKTMGWYGQAPGKQREI. 
VASITFGGVTNYADSVKGRFTISKDimnDWXLQ^SLKPEDTAVYI 
CHAVTWGGLTNYWGQGTQVTVSS 


32 


Z29 


QVQLQESGGGSVQAGDSLTIiS CAASGRTFSMHAMGWFRQAPGKEREF 
VAAISPSAFTTEYADSIiKGRFTVSRDHAKiaijVWIiQMlTGLKPEDTAAY 
YCAARRGAFTATTAPIiYDYWGQGTQVTVSS 


33 


A50 


QVQLQESGGGIiVQAGGSLRLSCSVASGRTFSSYRMGWFRQAPGKEREF 
VAAI SRRGDNVYYAD S VKGRFAI SRDNAESTLYLQMNSLKPEDTAVY 
YCAAHVTVSAITLSTSTYDYWGQGTQVTVSS 


34 


A38 


QVQLQDS GGGSVQAGGSLRLS CAASGRTVS S YNMGWFRRVPGKERDF 
VAAISWSGVATYYFDSVKGRFTISRDNAKNTVYX.EMNSLKPBDTAVY 
YCAAASRYRHRIiNSGSEYDYWGQGTQVTVSS 


35 


153 


QVQLQDSGGGIiVQAGGSLRLSCAASGRTKDMAWFRQPPGKEREFVAV 
J. x &£>Dv» 1 Ju VAAi VKJbrKi? 1 1 oKDNAKN T VY LQMTSLKPADTA VYYCA 
TSRGYSGTYYSTSRYDYWTGGTQVTVSS 


36 


M53 


QVQLQDSGGGLVQAGESLRLS CGTSGRTFGRRAMAWFRQAPGKERQF 
VAWIARYDGSTLYADS VKGRFT I SRDDNKNTMYLHMNNLTPEDTAVY 
YCAAGPRGL YYESRYE YWGQGTLVTVS S 


37 


2L-34 


QVQLQD S GGGLVQAGGSLRLS CAASVRI FTS YAMGWFRQAPGKEREF 
VAAINRS GKSTYYSDSVEGRFTI SRDNTAKNTVSLQMD SLKLEDTAVY 
YCAADYSGSYTSLWSRPERLDWGQGTQVTVFS 


38 


4L-16 


QVQLVESGGGLVQAGGSLRLSCAASGRTFSSYAMGWFRQAPGKEREF 
VAAISWSGGSTYYADSVKGRFTISRDMAKNTVYIiQMNSLKPEDTAVY 
YCVADTGGI SWIRTQGYNYWGQGTQVTVSS 


39 


AM-4-15-3 


QVQLQDS GGGLVQPGGSLRLACAASGS I FS INSMGW YRQAP GKQREL | 
VAHAIiADGSAS YRDS VKGRFTI SRDNAKWTVYIiQMN EDTAVYY 
CNTVPSSVTKGYWGQGTQVTVSS 






Anti-mouse serum albumin/anti-vWF 


40 


MSA21/AM-4-15-3 


QVQLQESGGGIiVQPGGSLRIiSCEASGFTFSRFGMTWVRQAPGKGVEW 

VSGI SSLGDSTLYADS VKGRFTI SRDNAKNTLYLQMN SLKPEDTAVY 

YCTIGGSUsTPGGQGTQVTVSSEPKTPKPQPAAAQVQLQDSGGGLVOP 

GGSLRLACAASGS IFS INSMG WYR QAP GKQREL VAHALADG SA SYRD 

SVKGRFTISRDNAKNTVYLQMMSLKPEDT^ 

QGTQVTVSS 


41 


MSA 24/ AM-4-15-3 


QVQLQESGGGLVQPGNSLRLSCAASGFTFRNFGMSWVRQAPGKEPEW 
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VSSISGSGSNTIYADSVKDRFTISRDNAKSTLYLQMNSLKPEDTAVY 
YCTIGGSLSRS SQGTQVTVS SEPKTPKPQPAAAQVQLQD SGGGLVQP 
GGSLRLACAASGS IFS INSMGWYRQAPGKQRELVAHALADGSASYRD 
SVKGRFTI SM)NAKNTVYIjQMNSLKPEDTAVYYCNTVPS S VTKGYWG 
QGTQVTVSS 


42 


MSA210/AM-4-15-3 


QVQLQESGGGLVQPGGSLRLTCmSGFTFSSFGMSWVRQAPGKGLEW 
VSAI SSDSGTKNYADSVKGRFTISRDMAKKMLFLQMNSLRPEDTAVY 
YCVIGRGSP S SQGTQVTVSSEPKTPKPQPAAAQVQLODS GGGLVOPG 
GS LRLACAAS GS I FS INSMGWYRQAPGKQRELVAHALADGS AS YRDS 
VKGRFTI SRDNAKOTVYLQMNSLCTEDTAVYYCNTVP S S VTKGYWGQ 
GTQVTVSS 








Anti-mouse serum aibumin/antl-lgE 


43 


MSA21/EV2H11 


QVQLQESGGGLVQPGGSLRLSCEASGFTFSRFGMTWVRQAPGKGVEW 
VSGI S SLGDSTT*YADSVKGRFTISRDNAKNTLYLQMBTSLKPEDTAVY 
YCTIGGSLNPGGQGTQVTVSSEPKTPKPQPAAAQVQIiQESGGGIjVOA 
GGSLRLS CAASGVTF S S YAMGWFRQAP GKERE FVAS ITWTGTGTYYA 

DSVKGRFTISRDHAGTTVYIiQMNSLKPEDTAVYYCAVDRRSSTYyi^ 
KGEYDYRGRGTQVTVSS 


44 


MSA24/EV2H11 


QVQLQES GGGLVQPGNSLRLS CAASGFTERNFGMSWVRQAPGKEPEW 
VS S I SGS GSNT I YAD S VKDRFT I S RDNAKS TL YLQMNSLKPEDTAVY 
YCTIGGSLSRSSQGTQVTVSSEPKTPKPQPAAAQVQLOESGGGLVOA 
GGSLRLS CAAS GVTFSSYAMGWFRQAPGKEREFVAS ITWTGTGTYYA 
DS VKGRFTI SRX)HAGTTVYLQM3STSLKPEDTAVYYCAVDRRS STYYLM 
KGEYDYRGRGTQVTVSS 


45 


MSA210/EV2H11 


QVQLQESGGGLVQPGGSLRLTCTASGFTFSSFGMSWVRQAPGKGLEW 
VSAISSDSGTKNYADSVKGRFTISRDNAICKMLFLQMNSLRPEDTAVY 
YCVIGRGSPS SQGTQVTVS SEPKTPKPQPAAAQVQLOES GGGLVOAG 
GSLRLS GAASGVTFSS YAMGWFRQAPGKERE FVAS ITWTGTGTYYAD 
SVKGRFTI SRDHAGTTVYL QMNSLKPEDTAVYY CAVDRRS S TYYLMK 
GEYDYRGRGTQVTVSS 







Anti-IFN-gamma 


46 


MP2B5BR 


QVQLVESGGRLVQAGGSLRLSCIASGRTISDYAAGWFRQAPGKEREFLASVT" 
WGFGSTSYAD SVKGRFTI SRDKAKDTVYLQMNTLEPDD TS VYYCAS SPRYCA 
GYRCYVTASEFDSWGQGTQVTVS S 


47 


MP2C10BR 


QVKLEE S GGGLVQ AGGS LRLS CAAS GLT YTVGWFRQAP GKE REFVAA I S W S G 
G SAL YAD SVKGRFTI SRDNAKNTVYLQMGSLEPEDTAYYSCAAPGTRYYGSN 
QVNYNYWGQGTQVTVSS 


48 


MP2D5BR 


AVQLVESGGGLVQAGDSLRLSCAASGRSFSSYGMGWFRQAPGKEHEFVAGIW 
RSGVSLYYADS VKGRFTI SRDDAKMTVSLEMNSLKPEDTAVYYCAAEATFP T 
WNRGRFAD YD YRGQGTQVTVS S 
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49 


MP2F1BR 


AVQLVESGGGLVQTGDSIdttiSCTASGGTFSRYAMGWFRQAPGKERBFVARIG 

YSGRS I S YATSVEGRFAISRDNAKKTnrajQM^ 

YQADYWGQGTQVTVSS 


50 


MP2F10SR 


QVQLVESGGGLVQAGGSIiRIiS CAASGRTISS FRMGWFRRAPGEEREFVAFVR 
SNGTS TYYADSVEGRFTI TRDNAKNTVYLRMDSLKPEDTAVYYCAAATRDYG 
GS FDYWGQGTQVTVSS 


51 


MP2F6SR 


QV Aljtl ESGGGLVQAGGSIiRL S CAAS GRTFNNYNMGWFRQAP GKERE FVAAI S 
WNGGSTYYDD SVKGRFTISRDl^NNLVYLQI^SLNFEDTAVYYCA 
IPQYRENRYDFWGQGTQVTVSS 


52 


MP3D2BR 


QVQIiQESGGGliVQPGESLRLSCAASRGIFRFNAGGWYRQAPGKQRELVAFIG 

VDNTTRYIDSVKGRFTISRDNAKTTVYLQMNSLQPEDT^ 

QGTQVTVSS 


53 


ft nmrrnn 

MP3E5BK 


QVQLQESGGGLVQAGDSLRLSCAASGRSFSSYGMGWFRQAPGKEHEFVAGIW 
RSGVSLYYADSVKGRFTISRDDAKMTVSLQMNGLKPEDTAVYYC^^ 
WNRGS FADYD YRGQGTQVTVS S 


54 


a ino rv<( oca 

MP3D1BK 


QVQLQES GGGIiVQAGGSLRXjS CAASGRTFDNYNMGWFRQAPGKEREFVAAI s 
WXNLrtjia 1 X lUUb VJUatUP J. JL KDN i? y JVjj V x XjQMNS XjKXiEDTavYYCACIAaNP YG 
IPQYRENRYDFWGQGTQVTVSS 


55 


MP3B1BR 


QVQLQDSGGGI#VQAGGSLRLSCAASGRTFSTYNMGWFRQAPGKEREFVAGIS 
WNGGS IYYTSSVEGRFTI SRDNAENTVYLQMNSLKPEDTGVYYCASKGRPYG 
VPSPRQGDYDYWGQGTQVTVSS 


56 


MP3H1SR 


QVQIjQESGGGLVQAGGSLRIiSCAAAGISGSVT'SRTPMGWYRQAPGKQRELVA 
GILTS GATS YAESVKGRFTI SRDNAKNTVYLiQMNSLS PEDTABYYCNTYPTW 
VLSWGQGTQVTVSS 


57 


MP3A12SRA 


QVQLQDSGGGIiVQAGGSLRIiSCMUlGISGSVFSRTPMGWYRQAPGKQRELVA 
G HiT S GATS YAESVKGRFTIS RDNAKNTVYLQMNSIiS P EDTAEYYCNTYPTW 
VLSWGQGTQVTVSS 


58 


MP3A7SRA 


QVQLQDSGGGLVQAGGSLRliS CA&SGRTFS S FRMGWFRRAPGEEREFVAFVR 

SNGTSTYYADSVEGRFTITRDNAKNTVYLRMDSLKPEDTAVra 

GSFDYWGQGTQVIVSS 


59 


MP3C7SRA 


QVQLQESGGGLVQAGDSIiRIiSCAASGRSFSSYGMGWFRQAPGKEHEFVAGIW 
RS GVS LYYAD SVKGRFTISRDDA3CMTVSLQMNSLKPEDTAVYYCAAEATFPT 
WNRGRFADYD YS GQGT QVTVS S 


60 


MP3D2SRA 


QVQLQDSGGGTVQAGGSDRLSCAASGRTFSDYAVGWFRQAPGKEREFVARIL 
WTGASRSYANSVDGRFTVSTDNAKNTVxXQMNSLKPEDTAIYY^^ I 
TTDYLRVYYWGQGTQVTVSS 


61 


MP3F1SRA 


QVQIiQESGGGIiVQAGGSI/TIjS CVASGRTI SDYAVGWFRQAPGKEREFVASI S 
WGGGFTAFADSMKGRFTISRDNAKMTVYLQTHTIiEPDDTSVYYCASSRRYCT 
GYRCYATASEFDSWGQGTQVTVSS 


62 


MP3H6SRA 


QVQIjQESGGGIiVQAGGSIiRIjSCAASGRTFSTYNMGWFRQAPGKEREFVAGIS 
WNGGS IYYTSSVEGRFTI SRDNAENTVxXQMNSLKPEDTGVYYCASKGRPYG 
VPSPRQGDYDYWGQGTQVTVSS 






Anti-mouse serum albumin/anti-IFN-gamma 


63 


MSA 21/ 
MP2F6SR 


QVQLQESGGGLVQPGGSLRLSCEASGFTFSRFGMTWVRQAPGKGVEW 
VSGISSLGDSTLYADSVKGRFTISRDNAKNTLYLQMMSIiKPEDTAVY 



Fig. 2 
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YCTIGGSIjNPGGQGTQVTVSSEPKTPKPQPAAAQVKLEESGGGIjVQA 
GGSLRLS CAAS GRTFNim3MGWFRQAP GKEREF VAA I S WNGGST YYD 
DSVKGRFT ISRDNANNLVYLQMNSLE^EDT^ 
RENRYDF WGQGTQVTVS S 


64 


MSA 24/ 
MP2F1BR - 


QVQLQE SGGGXjVQPGKTSLRLS CAASGFTFRNFGMS WVRQAP GKEPEW 
VSS I SGSGSNTIYADSVKDRFTISRDNAKSTLYLQMN'SLKPEDTAVY 
YCTIGGS IiSRSS QGTQVTVSSEPKTPKPQPAAAAVQIiVESGGGLVQT 
GDSLRLSCVASGGTFSRYAMGWFRQAPGKEREFVARIGYSGRSISYA 
T SVEGRFAI S RDNAKNTVYIJQ^^SI4KP EDTAVYYCASIiVS GTL YQAD 
YWGQGTQVTVSS 


65 


MSA 210/ 
MP3H6SRA 


QVQIiQESGGGIjVQPGGSLRI>TCTASGFTFSSFGMSWVRQAPGKGIiEW 

VSAI S SDSGTKN YADS VKGRFTI SRDNAKKMLFLQMNSIiRPEDTAVY 

YCTVTGRGSPSSQGTQVTVSSEPKTPKPQPAAAQVQIiQESGGGLVQAG 

GSLRLSCAASGRTFS IYNMGWFRQAPGKEREFVAGI SWNGGSIYYTS 

SVEGRFTISRDNAENTVYLQMNSLKPEDTGVYYCASKGRPYGVPSPR 

QGDYDYWGQGT 

QVTVSS 
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Fig. 3 
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Binding of VHH to HSA 




VHH (nM) 



Fig. 4 
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Fig. 5 



Empf .zei t :08/07/2003 18:39 
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Fig. 6 



Empf.ze it 108/07/2003 18:39 
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Fig. 7 



Empf.zeit =08/07/2003 18:40 
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A1 domain 



A3 domain 
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Sequences A1 domain specific binders: 

framework 1 CDR1 framework. 2 CDR2- 

A50 LQE SGGGLVQ AGGSLRL S CAAS GRTFS SYRMG WFRQAPGKEREFVAAISRRGDN VYYAD 
A3 8 LQDSGGGSVQAGGSLRLSCAASGRTVS SYNMG WFRRVPGKERDFVAAISWSGVA TYYFD 
153 IjQD S GGGLVQAGGSIiRLS CAAS GRT KD MA WFRQPPGKEREFVAVIYSSDGS TLVAA 
M53 IiQD S GGGIiVQAGESLRIiS CGTS GRT PG RRAMA WFRQAPGKERQFVAWIARYDGS TLYAB 
Z29 XiQE S G G GSVQ AGD SLTL S CAAS GRTF S MHAMG WFRQAPGKEREFVAAISPSAFT TEYAD 

framework 3 CDR3 

A50 SVKGRFAISRDNAESTLYLQMNSLKPEDTAVYYCAA HVTVSAXTIjSTSTYDY 
A3 8 S VKGRFTI S RDNAKNTVYIiEMNSIiKPEDTAVYY C AA ASRYRHRLNSGSEYDY 
153 S VKGRFTI S RDNAKNTVYL QMTSL KPAD TAVYYCAT SRGYSGTYYSTSRYDY 
M53 3 VKGRFTI SRBDNKNTMYliHMNNLTPEDTAVYYCAA GPRGLYY ESRYEY 
Z29 SLKGRFTVSRDNAKKDVWLQMNGLKPEDTAAYYCAA RRGAFTATTAP LYDY 



' frame work4 - 
AS 0 WGQGTQVTVSS 
A3 8 WGQGTQVTVSS 
153 WTGGTQVTVSS 
M53 WGQGTT.VTVSS 
Z29 WGQGTQVTVSS 



Sequence of A3 domain specific binders: 

framework 1 CDR1 framework 2 CDR2- 

C37 LQE S GG GLVQPGG S LRLS C AAS GFNFN WYPMS WVRQAPGKGLEWVSTISTYGEPR YAD 
T76 LQESGGGLVQPGESLRLSCAASGSIFS XNTMG WYGQAPGKQRELVAS ITFGGVTN" YAD 

framework 3 CDR3 

C37 SVKISRFTISRDMAimTLYLQMNSLRPEDTAVYYCAR GAGT S S YI#P QRGN 
T76 SVXGRFTISRDNTNDTVYLQMNSLKFEDTAVYI CNA VTWGGLTNY 

framework4- 
C37 WDQGTQVTISS 
T7 6 WGQGTQVTVSS 
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